
1 EP 0 278590 B1 Description This invention relates to pulsed droplet
deposition apparatus and more particularly to such apparatus including a
plurality of droplet deposition channels. Typical of this kind of apparatus
are multi-channel pulsed 5   droplet ink jet printers, often also referred
to as "drop-on-demand" Ink jet printers. An existing technology for the
production of multi-channel drop-on-demand ink jet printers Is known from,
for example, US-A-3,179,042 ; GB-A-2 007 162 and GBA-2 106039. These patent
specifications disclose ther- mally operated printheads which, In response
to an electrical input signal, generate a heat pulse In selected ink
channels to develop a vapourbubble In the ink of those selected channels.
This In turn generates a pressure 10  pulse having the pressure and time
characteristics appropriateforthe ejection ofan inkdropletthrough a nozzle
at the end of the channel. Thermally operated printheads of this nature
possess a number of significant disadvantages. First, the ther- mal mode of
operation is Inefficient and typically requires 10 to 100 times the energy
to produce and ink droplet as compared with known piezo-electric
printheads. Second, difficulties are found In providing the very high 15
levels of reliability and extended lifetimes which are necessary in an
Inkjet printhead. For example, thermally operated printheads have a
tendency for Ink deposits to form on the heating electrodes. Such deposits
have an Insulating effect sufficient to increase substantially the
electrical pulse magnitude necessary to eject an Ink droplet. Thermal
stress cracks and element bum-out, as well as cavitation erosion, have also
proved difficult to eliminate. Third, only ink specifically developed to
tolerate thermal cycling can be used and suitable Ink for- 20   mulations
often proved to be of low optical density compared with conventional Inks.
Attemps have been made to produce multi-channel inkjet printers using
plezo-electric actuators and refer- ence is made In this connection to
US-A-4,525,728; US-A-4,549,191 and US-A-4,584,590 and IBM Technical
Disclosure Bulletin Vol. 23 No. 10 March 1981. Piezo-electric actuators
have the advantage, compared with thermal processes, of low energy
requirement. However, the existing proposals have not achieved the levels
25  of printing resolution that are desired. A prime Influence upon
printing resolution is the number of channels, and thus nozzles, per unit
length in the direction transverse to paper movement relative to the head.
Existing piezo-electric printhead technology as exemplified by the prior
art referenced above, is capable of achieving a maximum channel density of
around 1 to 2 channels per mm. In terms of effective resolution, and by
this is meant the density at which the droplets can be deposited upon
paper, such nozzle density Is for many appli- 30   cations insufficient. It
does not, for example, enable a transverse line to be printed with ink
droplets that are indistinguishable by the eye at normal reading distance.
Effective resolution can be increased, for example, by angling the
printhead in the plane of the paper so as to decrease the Inter-channel
spacing in the transverse direction. However, this necessitates
sophisticated control logic and the use of delay circuitry to ensure that
all droplets associated with a particular print line are as  deposited on
the paper In a single transverse line (or sufficiently close to the line to
be Indistinguishable there- from by the eye). An alternative approach is to
provide for movement of the printhead. As will be understood, this
Introduces significant mechanical and control complexities, and is not felt
to be advantageous. A third approach to increasing effective resolution is
to provide two or more banks of channels which are mutually spaced In the
direction of paper movement but which cooperate to print a single
transverse line. With only two 40  such banks It may be possible to
configure the nozzles of both channels in a common print line. With more
banks, a significant nozzle spacing is built up In the direction of paper
movement and delay circuitry is required to provide for the time spaced
actuation of the channels necessary to enable droplets to be deposited on a
single transverse line. The provision of delay circuitry adds to
manufacturing costs byan amount which typically increases with the amount
of delay required. 45     It is useful to note at this point that colour
printing would typically require four banks of channels even If each bank
provided in Itself sufficient single colour resolution. Where a
multiplicity of banks Is required to pro- duce the desired resolution fora
singlecolour, it will be understood that colour appilcations compound the
prob- lems outlined above. The advantages of decreasing the Inter-channel
spacing in the direction transverse to relative paper move- 50   ment
should now be apparent. In many cases, typically where colour printing is
required, there are further advantages in reducing the Inter-channel
spacing along the direction of paper movement (that Is to say between
banks). This reduces the bulk dimensions of the printhead but more
Importantly reduces the time delays neces- sary as described above.
Broadly, it is an object of this invention to provide improved
multi-channel pulse droplet deposition 55  apparatus operating at low
energy levels and providing relatively large numbers of channels per unit
length whether transverse to or parallel with the direction of paper
movement, or both. It is a further object of this inven- tion to provide
such apparatus which is economic In manufacture. In IBM Technical
Disclosure Bulletin Vol. 23, No. 10 dated March 1981, p. 4438, there is
disclosed a mul- 2   



EP 0 278 690 B1 ti-channel array, electrically pulsed droplet deposition
apparatus comprising channels disposed side by side and having respective
side walls which extend In the lengthwise direction of the channels and
separate one from the next of the channels, a series of nozzles which
respectively communicate with said channels for ejec- tion of droplets of
liquid from the channels, connection means forconnecting the channels with
a source of drop- 5   let deposition liquid and electrically actuable means
located in relation to said channels to effects upon selection of any one
of said channels, transverse displacement of a part of a channel separating
side wall of said selected channel. The apparatus illustrated shows
channels which Include rear parallel sections, In which, in the channel
wall dividing the channels of each successive pair of channels, is located
a transversely deflectable element, and 10  forward converging sections
which at their forward ends terminate In respective nozzles which have a
span In a direction parallel to the army direction of the channels
substantially less than that of the channels. This limits the arrangement
to apparatus having narrow print width and also means that employed as a
shuttle printhead the arrangementwould have a relatively high mass and
therefore require relatively high energy consuming shut- tle transmission
mechanism. 15      The present Invention consists In apparatus of the kind
set forth In the said IBM Technical Disclosure Bul- lelin which is
characterised in that the channels of said array are parallel and said
nozzles are disposed at the spacing ofthe channels and said electrically
actuable means are adapted to effectsaid transverse displacement over a
substantial part at least of said channel separating side wall of said
selected channel to cause pressure change therein and thereby effect
droplet ejection therefrom. 20      The provision In the apparatus of
channels which are parallel and nozzles disposed at the spacing of the
channels affords the possibility either of a static droplet deposition
apparatus of substantially greater width than the arrangement known from
the IBM Technical Disclosure Bulletin referred to and which deposits
droplets over the full width of the channels in the array direction
thereof, or, of a narrow width shuttle type of apparatus which is of
lowered mass compared with the known arrangement and thus consumes less
energy In the course of its 25  motion than the known arrangement The
apparatus of the Invention further affords the possibility of printheads
which have a lowered cost per channel and which print at substantially
enhanced quality and the manufacture of which is simplified. The invention
will now be described, byway of example, with reference to the
accompanying, diagrammatic drawings,in which: 30      FiGURE 1 (a) is a
schematic respective view of a generalised form of multi-channel pulsed
droplet deposi- tion apparatus, namely, a drop-on-demand ink-jet array
printhead, according to the invention; with parts (particularly a cover
plate) omitted to reveal structural details; FIGURE 1(b) is a
cross-sectional view taken normal to the axes of the channels of the
generalised printer Illustrated in Figure 1(a); 35      FIGURE 1(c) is a
sectional plan view taken on the line 1(c)-1(c) of Figure 1(b); FIGURE 2(a)
is a fragmentary cross-sectional view similar to that of Figure 1(b) but to
a larger scale and showing a specific printhead according to the Invention;
FIGURE 2(b) is a fragmentary sectional plan view of the printer of Figure
2(a) illustrating electrical connec- tions thereof; 40      FIGURE 2(c) is
a view similar to Figure 2(a) of a modified form of the embodiment of
Figures 2(a) and 2(b), FIGURE 2(d) shows voltage waveforms employed for
ejecting droplets from the printhead of Figures 2(a) and 2(b) or that of
Figure 2(c); FIGURE 3(a) is a cross-sectional view showing a further
specific form of printhead according to the inven- tion providing a two
dimensional array of channels; 45      FIGURE 3(b) is a fragmentary
sectional plan view of the printhead of Figure 3(a) illustrating electrical
con- nections thereof; FIGURE 3(c) shows voltage wave forms for operating
the printhead of Figures 3(a) and 3(b); FIGURES 4 to 7 are cross-sectional
views similar to Figures 2(a) and 3(a) showing further embodiments of the
Invention; 50      FIGURE 8 is a sectional plan view of a modification
applicable to the embodiments of Figures 2(a) and 2(b), Figures 3(a) and
3(b), Figures 4, 5, 6 7 and 9; FIGURE 9 Is a cross sectional view similar
to Figures 2(a) and 3(a) illustrating a further embodiment of the
Invention; and FIGURE 10 is a series of graphs illustrating the effect of
compliance changes on pressure changes in 55      neighbouring channels. In
the drawings, like parts have been accorded the same numerical references.
Referring first to Figures 1(a), 1(b) and 1(c), a planar high-density
array, drop-on-demand Ink jet printer comprises a printhead 10 formed with
a multiplicity of parallel ink channels 2, nine only of which are shown 3  



EP 0 278 590 B1 and the longitudinal axes of which are disposed in a plane.
By high-density away" in this context is meant an array in which the ink
channel density along a line Interse- cting the channel axes
perpendicularly, is at least two per millimetre. The channels 2 contain
ink4 and terminate at corresponding ends thereof in a nozzle plate 6 in
which are formed nozzles 6, one for each channel, Ink 5   droplets 7 are
ejected on demand from the channels 2and deposited on a print line 8 of a
print surface 9 between which and the printhead 10 there is relative motion
normal to the plane of the channel axes. The printhead 10 has a planar base
part 20 in which the channels 2 are cut or otherwise formed so as to extend
in parallel rearwardly from the nozzle plate 5. The channels 2 are long and
narrow with a rectangular cross-section and have opposite side walls 11
which extend the length of the channels. The side wails 11 are 10
displaceable transversely relatively to the channel axes along
substantially the whole of the length thereof, as later described, to cause
changes of pressure in the ink in the channels to effect droplet ejection
from the nozzles. The channels 2 connect at their ends remote from the
nozzles, with a transverse channel 13 which in turn connects with an ink
reservoir (not shown) by way of pipe 14. Electrical connections (not shown)
for activat- ing the channel side walls 11 are made to an LSI chip 16 on
the base part 20. By designing the working parts 15  for the multiplicity
of parallel channels of the printhead in a planar configuration, the
manufacture of printheads with very large numbers of parallel print
channels can be performed in a sequence of parallel operations, as
hereinafter described, working on jigs supporting a large number of base
parts at one time. High density of packing of the ink channels 2 and,
therefore, of the nozzles 6 is achieved by a number of features not found
In prior art array printheads. First, the ink channels 2 are rectangular in
the cross-section 20  thereof viewed normal to the channel axes, the side
walls 11 (which form the longer edge of each channel cross- section)
extending normal to the plane containing the channel axes. The aspect ratio
of the channel cross-sec- tions i.e. the ratio of the dimensions normal and
parallel to the plane of the channel axes, is substantial, typically 3 to
30. The channels particularly are separated by transversely displaceable
side walls 11 which are electrically actuated to effect printing. 25     In
certain priorart arrays, see for example United States Patents 4,525,728
(Koto), 4.549,191 (Fukuchi and Ushioda) and 4,584,590 (Fishbeck and
Wright), the channels employ droplet ejection actuators not In walls be-
tween the channels thereof but in the top walls bounding the respective
channels. The use of such "root". actuators limits the channel density,
even after optimisation, to 1 and 2 channels per millimetre. With channels
having displaceable side walls and high aspect ratio cross-sections
disposed with their longer dimension per- 30  pendicular to the plane of
the channel axes it is possible to provide printheads of linear density
greater than, and Indeed substantially greater than, 2 per millimetre. This
represents a substantial advance In the competitive pursuit follow cost per
channel, high resolution array printheads not subject to the disadvantages
referred to of thermal bubble operated devices. The array disclosed in IBM
Technical Disclosure Bulletin Vol. 23 No. 10 March 1981 has a
piezo-electric 35  actuator apparently of disc form mounted In the wall
between two adjacent chambers and disposed so as to actuate one chamber
upon flexural displacement in one sense and to actuate the other chamber of
the pair upon displacement In the opposite sense. The chamber width and
inter-chamber spacing are substantial with the result that the chambers are
required to converge (in a region away from the actuators) so as to reduce
the inter-nozzle spacing. 40     In the embodiments of the invention herein
described acoustic waves are employed in conjunction with electrically
actuated displaceable walls which are long, that is they extend the whole
or substantially the whole length of the channels from the nozzles 6 to the
Ink supply manifold. When actuated (as will be seen), the dis- placeable
side walls II on one or both sides of a channel compress the ink in the
channel. This pressure Is dissipated by an acoustic pressure wave
travelling from the nozzle. The condensation of the wave acts, for the 45
period of travel of the wave along the length of the channel, as a
distributed source the length of the channel which feeds ink under pressure
out of the nozzles to expel a drop. Where a channel and the long narrow
actuator, provided by the whole or a part of a side wall 11 extending the
length thereof, is combined with an acoustic pump In this way, the volume
displacement of the actuator can be distributed so thatthewall
displacementis small atany section. Typically the actuator wall has an
aspect so  ratio, i.e. the ratio of Its width between channels to Its
height, of 3-30 or more. At the same time the layout is a planar parallel
channel configuration, suitable for manufacture in quantity. In practice
the length of the channel along which the acoustic wave travels is limited
(only) by the period suitable for drop expulsion, and bythe growth of
viscous boundary layers in the ink channel. Typically, the length of the
channel will be more than 30 and preferably more than about 100 times its
width in the channel plane. 55      When the linear density of the channels
in a planar array is increased, it Is the result of reducing both the
narrow section dimension parallel to the plane of the channel axes and the
thickness dimension in the same plane of the common displaceable walls.
This causes reduced compliance (Cl) of the ink in the channels and
increased compliance (CW) of the displaceable walls between channels. 4 



EP 0 278 590 B1 High density of channels consequently means that the
compliance of the wall between ink channels is an important aspect of the
printhead design, which has not been considered In prior art systems. The
wall compliance, for example, may affect the velocity of sound in the Ink
along a channel, causing the acoustic velocity to be lower In magnitude
than for the Ink solvent alone. At the same time, when the displace- 5
able side walls 11 are actuated, the pressure In the Ink In the actuated
channels is lower with more compliant walls than would be the case with
less compllant walls. Additionally, due to compliance, some change in
press- ure Is generated In neighbouring channels which are not actuated.
Means to compensate for what might other- wise be a disadvantage of a
printhead with displaceable walls are discussed below. The embodiments of
the invention illustrated in Figures 2(a), 2(b), 3(a), 3(b) and 4 to 7show
different poss- 10  Ible ways of constructing and of operating the
transversely displaceable, Inter-channel side walls  1. These will be
considered in turn. In Figures 2(a) and 2(b) a printhead Is shown which
because of Its ease of manufacture and electromechani- cal efficiency is a
preferred embodiment of the invention. The array Incorporates displaceable
side walls 11 In the form of shear mode actuators 15, 17, 19, 21 and 23
sandwiched between base and top walls 25 and 27 15  and each formed of
upper and lower wall parts 29 and 31 which, as Indicated by arrows 33 and
35, are poled in opposite senses normal to the plane containing the channel
axes. Typically, the distance between adjacent side walls is 0.05 mm and
the height of said side wall 0.30 mm. The length of each channel is
typically 10 mm or more. Electrodes 37, 39,41,43 and 45 respectively
coverall Innerwalls of the respective channels 2. Thus, when a voltage is
applied to the electrode of a particular channel, say electrode 41 of the
channel 2 between 20  shear mode actuators 19 and 21, whilst the electrodes
39 and 43 of the channels 2 on either side of that of electrode 41 are held
to ground, an electric field is applied in opposite senses to the actuators
19 and 21. By virtue of the opposite poling of the upper and lower wall
parts 29 and 31 of each actuator, these are deflected in shear mode into
the channel 2 therebetween into chevron form as indicated by broken lines
47 and 49. A pressure is thus applied to the ink 4 in the channel 2 between
the actuators 19 and 21 which causes an acoustic 25  pressure wave to
travel along the length of the channel and eject an ink droplet 7
therefrom. Alternative con- figurations of shear mode wall actuators which
can be employed are considered in co-pending application No 88300144.8 the
(EP-A-0277703) the contents of which are Incorporated herein by reference.
It will be seen from Figure 2(b) that the electrodes 37 to 45, each
specific to a channel, are individually connected to the chip 16, to which
are also connected a clock line 51 data line 53, voltage line 55 and ground
30   line 57. The channels 2 are arranged in first and second groups of
alternate channels and successive clock pulses sulpplied from dock line 51
enable the first and second groups to be actuated In sequence. The data In
the form  multi-bit words appearing on data line 53 determines which of the
channels in each of the groups are to be activated and causes, by the
circuitry of the chip 16, the electrode of each of those channels in the
currently active group to have the voltage V of the voltage line 55 applied
to It. The voltage signal actuates 35  both of the actuable side walls of
the selected channel ; consequently every sidewall is available to operate
the channels In each group of alternate channels. The electrodes of the
channels in the same group which are not to be activated and the electrodes
of all channels belonging to the other group are held to ground. Figure
2(d) shows two different voltage waveforms which can be used for drop
expulsion. In the mode of operation using the first of these waveforms, the
electrode of the activated channel is energised by the appli- 40  cation of
a positive voltage Vfor a period L/a, where L is the channel length and "a"
Is the velocity of sound in the Ink. The voltage is then allowed to fall
relatively slowly to zero. The acoustic wave which travels along the
channel from the nozzle end thereof during the period L/a of application of
the voltage V causes condensation of the liquid pressure and expels a drop
from the nozzle of that channel whilst the negative pressure In adjacent
channels causes a rearward movement of the meniscus. Thereafter, as the
voltage signal slowly falls to zero 45  the actuated channel walls return
to their original positions whilst the original position of the Ink
meniscus in the nozzle Is restored by liquid feed to the channel from the
ink reservoir. In the mode of operation employing the second of the
waveforms shown in Figure 2(d), a negative voltage V is relatively
gradually applied, as shown over a period L/a, to the side walls of the
actuated channel, this rate of application being less than will cause drop
ejection from the channel. The voltage Is now held for a period 50  of
about 2L/a when the residual wave pressure in the activated channel,
because of low of Ink thereto from the adjacent channels, becomes positive.
The voltage V is then Instantaneously removed so that the pressure in the
channel Is increased and a droplet is ejected as the walls thereof are
rapidly restored to their original positions. In this mode of operation
someofthe initial energy is retained in the acoustic pressurewaves to
assist droplet ejection. Also, the side wall elasticity, which resists the
actuator movement during application of the 55 voltage provides energy to
generate droplet expulsion following removal of the voltage signal. Wall
compliance coupled with the ink further helps to eject the Ink droplet
during travel of the acoustic wave. In certain circumstances it may not be
appropriate to have a nozzle plate directly abutting the channel ends.
Where, for example, two banked arrays of channels are required to print on
a single line or where two side-by- 



5    EP 0 278 590 B1 side array modules are required to produce constant
drop spacing across the module boundary, it may be necessary to have short
connecting passages between each channel and Its associated nozzle. It Is
believed important that the volume of any said connecting passage should be
10% or less of the volume of the channel Referring now to Figure 2(c), the
embodiment of the invention herein illustrated differs from that of Figures
5   2(a) and 2(b) inasmuch as the upper and lower wall parts 29 and 31 of
side walls 11 taper from the adjoining top wall 27 and base wall 25. The
width - transversely to the channels - of the roots of the wall parts 29
and 31 is wider than in the case of the previous embodiment whereas the
tips are narrower. So this feature is one way of reducing the compliance of
the wall actuators 15-23 or, equally, reducing the mean width that would be
occupied by the walls forthe same compliance. Itwill be apparentthatthe
electrical arrangements for operating 10    the embodiment of Figure 2(c)
are the same as illustrated in and described with reference to Figure 2(b).
The constructions illustrated in Figures 2(a), 2(b) and 2(c) can be further
modified and operated differently from the mode of operation described. To
this end, alternate actuators, say, actuators 15,19.23 are made active by
having electrodes applied thereto whist the remaining actuators 17 and 21
are kept inactive either by being de-poled or by not having electrodes
applied thereto, With such an arrangement, the electrical arrangement 15
and method of operation Is the same as that described below for Figures
3(a) and 3(b). It will be observed that in Figures 2(a) and 2(c) the
nozzles of alternate channels are slightly offset per- pendicularly of the
plane of channel axes. This is to compensate for the time difference In
droplet election from the nozzles of first and second groups of nozzles so
that the droplets from, both groups are deposited in pre deternined
locations, suitably on a rectilinear printline. 20      The method of
manufacture of the embodiments of the Invention illustrated In Figures
2(a), 2(b) and 2(c) involves poling each of two sheets of piezo-electric
ceramic material in the direction normal to the sheet and laminating the
sheets respectively to the base and top walls 25 and 27 which are of
inactive material, suitably. glass. The direction of poling is in both
cases towards the glass. Parallel grooves are then cut In the sheets of
piezo-electric ceramic material by rotating, parallel, diamond curring
discs or by laser cutting. These grooves 25  extend through to the top or
base wall, as the case may be, such grooves each providing half a channel
of the finished printhead. In the case of the version illustrated In Figure
2(c), the grooves are cut by laser or by profiled cutting discs. The
parallel grooves are arranged to open to one end of the corresponding
ceramic sheet but stop short of the other end. At the Inner groove ends a
transverse groove is cut to form an ink manifold. A hole is now drilled In
a side of one of the ceramic sheets to receive the pipe 14 for the
connection of the ink manifold 30   with an ink reservoir. The exposed
areas of the plezo-electric ceramic material and adjoining top or bottom
wall surfaces ate coated In known manner with metal in a metal vapour
deposition stage to form electrodes. In the case where electrodes are not
applied to all channel walls, selective metal coating is effected by
masking. The metal on the top surfaces of the side walls, that Is to say
the surfaces disposed parallel to the channel axes, Is now removed and
those surfaces of the respective halves of the structure are then bonded
together to form 35  the channels 2 between the Integral side walls 11 so
formed. At a suitable stage In the manufacturing procedure, a passivating
insulator layer is applied over the electrode coating in the channels. The
nozzle plate 5 is then secured in position atone end of the channels
whilst, atthe other end of the channels the electrical connections are made
to the chip 16 from the electrodes coating sidewall surfaces of the
channels. The chip 16 Is positioned in a recess cut in one of the ceramic
sheets rearwards of the cross channel 13 in the other of the ceramic
sheets. 40      A method of manufacture of the embodiments of Figures 1 and
2 above uses operations working simul- taneously on large numbers of
parallel channels in an array plane. As explained above this enables
production costs per channel to be reduced. In certain product
configurations, however, it may be convenient to assemble the arrays using
a sandwich constrution. For example, where multiple banks of channels are
assembled in a single printhead, each layer 45  of the "sandwich" may
provide one or two channels of each bank. Embodiments showing each method
of work- ing are described in this document but it will be understood that
each method can be adapted to any of the constructions described. With
reference to Figures 3(a) and 3(b), there will now be described an
embodiment which exemplifies the sandwichform of construction in a multiple
bank printhead. Asshown in Figure 3(a), inactive layers 61 alternate so
with layers of piezo-electric material 63 in a sandwich construction. The
piezoelectric material Is poled in the thickness direction, that Is to say
in the direction of arrow 65. The stack of layers is closed by a top
Inactive layer 69 and a bottom inactive layer 71. A series of parallel
grooves 73 are cut In the lower surface of each inactive layer 61 and of
the top Inactive layer 69. Similarly, a series of parallel grooves 75 is
cut in the top surface of each inactive layer 61 and in the top surface of
inactive bottom wall 71. It will be understood that in this way, 55
rectangular channels 77 are formed which are bounded on three sides by
inactive material and on the fourth side by piezo-electric material. Within
each channel 77, a central electrode strip 79 is deposited on the facing
surface of the piezo-electric 



material. Further electrodes 81 are established on each plezo-electric
layer surface at the lands of inactive ma- 6    EP 0 278 590 B1 terial
intermediate the channels. in one example, the electrodes 81 are all
connected to ground. The channels 77 can be regarded as grouped into pairs
in the vertical array direction. The channels of each pair are then divided
by a common displaceable side wall formed by the Intervening plezo-electric
layer. The central electrode 79 for both channels of the pair are
Interconnected and it will be seen that the application of 5   a positive
or negative voltage to these electrodes will establish an electric field
transverse to the direction of poling of the piezo-electric material
whichwill deflect upwards ordownards as appropriate to Increase pressure in
the selected channel. In this configuration, where channels are grouped
Into pairs sharing the common actuating wall that divides them, there is
more than one way of assigning channels into groups. One option is to
assign, by analogy with 10  the previously described embodiment, all even
numbered channels in one vertical line to one group and all odd numbered
channels to the other group. This meets the requirement that both channels
of one pair are never simultaneously called upon to eject a droplet. This
requirement can be met In other ways, however, and there is some advantage
In a scheme in which each group of channels is formed from alternately left
and right hand channels of successive channel pairs. 15      For example:
GROUP                    CHANNEL NMERS 20
1             1  1    4  5    8 9 2                      2 3      6 7   10
11 An advantage of this scheme is that if, for example, channels 2 and 3
are actuated simultaneously, they 25  will apply equal and opposite
pressure to the Inactive wall between them. The simultaneous actuation of
two such neighbouring channels 2 and 3 does notof course happen every time,
butthe event is sufficiently common for the described advantage to be
significant. The nozzles for the channels 77 are not shown in the drawings.
If necessary, an offset can be Introduced between alternate channels in a
vertical direction to compensate for the time difference between drop
ejection 30 from the channels of the two groups. The spatial offset will be
in the direction of relative movement between the print surface and the
described array; this direction may be a vertical, horizontal or oblique.
Figure 3(b) shows how the electrodes are connected at the channel ends
remote from the nozzles, In the case of electrodes 81, by way of conductors
78 to ground and in the case of electrode 79 by way of conductors 80 to the
power chip 16. The chip has voltage lines 82,83 and 84 of +V, -V and zero
respectively connected 35 thereto as well as clock line 87 and data line
89. Because one actuator operates a pair of channels and this pair is
isolated by Inactive layers 61 on either sidet orn the operation of the
other channels In the vertical array, the description is now confined to
the oper- ation of an adjacent pair of channels marked A and B operated by
the actuator therebetween and isolated by the inactive walls on opposite
sides thereof. The signals which operate these channels are initiated by a
2 bit 40  data word supplied in a particular print cycle via the data track
87 to the drive circuit chip 16. This in turn gen- erates one of four
voltage pulse waveforms of voltage range [err] and applies them to the
actuator via track 80. The 2 bit data word causes the drive circuit chip to
produce one of four voltage signals depending on whether the channel pair
is to print from both, the upper, lower or neither channel. The four
alternative voltage signals are illustrated in Figure 3(c) and are supplied
to those of the alternatives of the channels to be actuated 45  In the
first or second group of channels, the clock pulses from line 87
determining which group is to be oper- ational at any particular instant
When only the first channel A is to generate a drop, the signal (I) is
generated. This comprises a voltage pulse of magnitude V applied for two
consecutive periods L/a and then restored to zero. The response of the
actuator and the travelling pressure waves in the Ink channels in response
to the signal (I) is now considered, 50  the description being limited to
the lossless (zero viscosity) case. When the voltage pulse V Is applied to
the actuator in the pair of channels A, B the resulting displacement
generates Instantaneously at time zero a positive unit pressure (+p) in one
channel, channel A and an equal negative unit pressure (-p) in the
otherchannel, channel B. These pressures are dissipated by travelling
acous- tic step pressure waves which propagate along the channel from the
ends. A drop is consequently expelled In 55  time L/a from the nozzle
aperture of channel A: at the same time ink flows from the back of this
channel round Into the channel B : and the Ink meniscus in the nozzle in
the channel B Is also drawn Inward. After period L/a the pressure in
channel A after expelling a drop is a negative pressure and the pressure In
channel B Is a positive pressure of magnitude depending on the reflection
co-efficient of the pressure waves at the channel ends and 7   



EP 0 278 590 B1 the acoustic wave attenuation. In the second period, since
the actuator wall remains displaced during the second period L/a, the
travelling pressure waves continue to propagate in each channel. The ink
meniscus in the first channel is now drawn inward and at the same time ink
flows into the channel at the back end from the second channel due to the 5
prevailing negative pressure. Meanwhile inkflows out refilling the aperture
in the second channel and from its back end so that after period 2L/a the
pressures again become [err] in the first channel and -ve In the second.
The Ink meniscus in the aperture of the first channel has now withdrawn by
approximately the volume of one drop from its Initial condition due to the
expulsion of a drop. The Ink meniscus In the aperture of the second channel
after receding has returned after period 2L/a to Its initial position. 10
At the time 2L/a the voltage signal is cancelled and the actuator returns
to its rest position. This substantially extinguishes the pressures in each
channel and arrests the expulsion of further ink from either aperture. The
wave form In Figure 3(c) (i) therefore expels an ink drop only from the
first channel. After the refill period T the ink is drawn back to
equilibrium by surface tension so that the Ink has recovered its datum
position In each channel and further printing may proceed. 15     Waveform
(ii) is that used to expel a drop only from the second channel B. This
Involves application of a negative voltage pulse for period 2L/a and works
identically with the application of the signal In Figure 2(a) and does not
require full description. Waveform (iii) Is that used to expel drops from
the apertures In both channels. The waveform is simply the two previous
waveforms (i) and (ii) applied one after the other, and Is complete after
period 4L/a. The trivial 20  case that no drop Is expelled from either
channel when no actuation signal is applied is shown for completeness as
waveform (iv). The period L/a is comparatively short so that the refill
period T has greater significance In defining the minimum period of the
print cydes than the period L/a of the travelling waveform. Referring now
to Figure 4, there is illustrated an embodiment which operates broadly in
the same way as is described in connection with Figures 2(a) and 2(c), and
therefore uses the electrical arrangement of Figure 25  2(b), butemploys
shearmode actuators generally of the form discussed in relation to Figure
3(a). The actuators are provided in every wall of the array between the top
and bottom walls 27 and 25 which, suitably, are of glass. The electrodes
take the form of two stiff metal, suitably, tungsten blocks 95. One block
95 is provided at the tip ofthe actuator wall part 97 extending from top
wall 27 and the otherat the tip of actuatorwall part 99 extending from
bottom wall 25. Electrodes 103 and 105 (equivalent to electrodes 81 of
Figure 3(a)) are located, as to elec- 30  trades 10a, between the wall
parts 97 and top wall 27 and, as to electrodes 105, between wall parts 99
and bottom wall 25. The poling direction of the wall parts 99 and 9718
parallel with the bottom and top walls and is indicated by arrow 107.
Accordingly, the electric field applied to the poled wall parts Is normal
to the bottom and top walls 25 and 27. The electrode connections are made
at the ends of the channels remote from the nozzles 6 by three point
connections via connectors 109, 110. As shown, connectors 109 connect a
line at 35  potential zero to electrodes 103 and 105 of one actuator wall
and to the blocks 95 of an adjacent actuator wal connectors 110 connect a
line at potential V to electrodes 103 and 105 of one actuator wall and also
to blocks 95 in the next adjacent actuator wall. The channels 2 are, as in
the case of Figure 2(a) and 2(b) arranged In first and second group of
alternate channels, the electrical connections providing as described for
that embodiment for switching of voltage V or 40  zero to selected channels
of each group in order to operate both side walls of each actuated channel.
The manufacture of the embodiment of Figure 4 is performed in the array
plane in a generally similar fashion to that of the embodiments of Figures
2(a) and 2(c). First each of the bottom and top walls 25 and 27 has applied
thereto a layer of metal comprising the electrodes 105 and 103 using a
masking technique to limit metal dep- osition to the places required.
Alayerof plezo-electric ceramic poled in the direction of arrows 97 Is then
bonded 45  to each of the bottom and top walls. To each of said
piezo-electric layers Is then bonded a plate of tungsten or other suitable
stiff metal. Parallel grooves are cut Into each of the two multi-layered
structures so formed and a transverse groove is formed to unite common ends
of the channel grooves. The surfaces of the metal plates parallel with the
bottom and top walls are then bonded together to form the channels 2. The
nozzle plate 5 is thereafter secured at one end of the channels and at the
other end thereof the three point electrical connectors 50  are attached
and leads are taken therefrom as before described to the chip. Referring
now to Figure 5, there is illustrated an alternative embodiment in which
walls 152 to 157 are assembled In a sandwich construction by parallel
strips 158,159 of plezo-electric ceramic. Each channel 2 is bounded by
adjacent side walls and by a pair of piezo-electric strips 158 and 159. The
walls are conducting or have conducting electrodes applied to their
surfaces in contact with the piezo-electric strips so as to form field 55
electrodes Poling of the piezo-electic strips is in the direction of the
arrows 160, that Is to say in the field direc- tion. According, application
of afield causes the piezo-electric sips to expand or contract in thickness
(depend- Ing upon the polarity) and thus either draw together or force
apart the adjoining walls. To take the example In which it is desired to
eject an ink droplet from the channel marked A, the opposing 8  



EP 0 278 590 B1 walls 154 and 155 (or the electrodes on both faces thereof)
are connected respectively to the +V and [err] as shown in the Figure. Also
as shown, the other walls 152, 153, 156 and 157 are connected to the ground
[err]. In this way a potential of +2V is applied In the same sense across
both the piezo-electric strips associated with channel A causing these to
contract and pull togetherthe adjoining walls 154 and 155. A positive Ink
press- 5   ure is therefore generated in the desired channel. Since the
piezo-electric strips between walls 153 and 154 and between walls 155 and
156 (that is to say the plezo-electric strips in the channels at either
side of the chan- nets of interest) receive a potential -V. they expand to
permit movement of the wails 154 and 155 with no net change in overall
dimension of the printhead. If a droplet Is required to be ejected
simultaneously from the next channel to A in the same group, for 10
example channel C,wall 156 Is connected tothe +Vrallandwall 157 to the
-Vrail In thiscase the plezo-electric strips between walls 155 and 156
receive a potential at -2V so that they expand to accommodate both the
leftward movementof wall 155 and the rightward movementof wall 156.The
behaviourof the remaining walls is as described above. This embodiment is
another where every sidewall is available to actuate the channels In each
group. 15     Whilst this embodiment utilises the expansion or contraction
of piezoelectric elements In the 3-3 mode, the skilled man would appreciate
that an alternative arrangement could be employed utillsing the 3-1 mode of
deformation. In each case the employment of a sandwich construction is
favoured. A still further embodiment of this Invention is illustrated In
Figure 6. This employs bimorph wells 172 to 177 of thickness poled
piezo-electric material. These walls are separated by conducting spacer
blocks 178 and 179 20  which are electrically connected to ground. Each
channel 2 Is defined between adjacent bimorph walls and the interposed
spacer blocks. Each bimorph piezo-electric wall has a central electrode 180
to which voltages of +V, 0, or -V can be applied. By way of example, if it
Is desired to elect a droplet from the channel marked A, voltages of +V and
-V respectively are applied to the central electrodes 180 of the actuator
walls 174 and 175. These accordingly distort inflexure in opposite senses
inwardly ofthe channel A. This Is illustrated In dotted 25  outline in the
Figure. There is accordingly a positive ink pressure generated in the
channel A to eject a droplet Turning now to Figure 7, two sheets of
piezo-electric ceramic 190 and 191 are thickness poled and support between
them a parallel stack of walls 192 to 197. Adjacent walls serve to define
the channels 2. Each plezo- electric sheet 190,191 isprovided with an array
of electrodes 198 formed, for example, by parallel saw cuts In the
plezo-electric ceramic being filled with metal. The electrodes 198 are
arranged to lie at the wall/channel 30  Interfaces and corresponding
electodes in the upper and lower sheets 190 and 191 are interconnected in a
suitable manner. The mode of operation of the embodiment of Figure 7
involves the shear rotation of sections of the piezo- electric ceramic
applying bending moments to the walls on opposite sides of the channel of
interest, so as to flex the walls inwardly of the channel. This operation
will be described in more detail, taking, as an example, 35  the ejection
of an ink droplet from the channel marked A which lies between walls 194
and 195. As shown in Figure 7, the electrodes 198 at either edge of channel
A are held at -V; the next two outward electrodes are held at +V whilst all
other electrodes are held at ground. Considering the plezo-electric ceramic
sections lying between walls 193 and 194, these receive a potential of +V
and undergo a rotation in the arrowed direction. The piezc-electric ceramic
sections carrying the wall 194 receive a potential of -2V and thus undergo
a double 40  rotation in the opposite sense. The plezo-electric ceramic
sections between walls 194 and 195 are not subject to a field and
accordingly do not rotate, although they are displaced outwardly by the
action of neighbouring sections. It will be seen in this manner that upper
and lower ends of wall 194 have bending moments applied thereto causing the
wall to flex towards the position shown in dotted outline. In analagous
fashion, wall 195is caused to flex In the opposite sense leading to a
positive pressure change in the channel 200. 45     If it is required to
eject a droplet simultaneously from the next channel In the same group, for
example the channel marked C, the electrodes either side of the channel
receive a potential of -V whereas the next two. outward electrodes receive
a potential of +V. The wall behavour Is analogous with thatjust described
except thatthe plezo-electricsection between walls 195 and 196 has zero
ratherthan -V potential applied. Accordingly this section no longer
undergoes a rotation but - as would be expected of the central section
between two 50  actuated channels - merely moves laterally to accommodate
the rotations of its neighbours. It is convenient at this stage to compare
the embodiments so far described. Aside from the constructional variations,
the embodiments can be grouped Into two broad classes according to the
manner in which selected channels are energised. In the first class,
comprising the embodiments of Figures 2 and 4 to 7, every wall In the
channel array is 55  displaceable and the necessary pressure change in each
selected channel is brought about through transverse displacement of both
side walls of the channel. This Is the so-called "every line active" mode,
(ELA) and pro- vided a number of advantages. In the example of Figure 2,
with the opposing electrodes of both side walls In each channel remaining
at the same potential, a common electrode can be formed for each channel by
plating 9 



EP 0 278 590 B1 all internal surfaces of the channel. in manufacturing
terms, this is considerably simpler than forming separate electrodes on
opposing side walls of the channel. A further advantage is that with both
walls participating in droplet ejection froma channel, maximum use is made
of the piezo-electri` material available in the printhead, and the
actuation energy Is lowered. 5      An alternative mode of wall actuation
is where each channel has one displaceable side wall, the other side wall
remaining fixed or inactive. This is the so-called "alternate lines active"
mode (ALA). It is exemplified by the embodiment of Figure 3 and by the
described modification to the Figure 2 embodiment in which alternate
actuating walls are rendered inactive by, for example, de-poling. As with
the ELA mode, the ALA mode can be driven in a unipolar manner, that Is to
say with connections to a ground and one voltage rail, or bipolar, with 10
ground, +V and -V rails. Unipolar drive circuitry Is simpler but the number
of track connectors In the ALA mode is reduced if a bipolar drive
arrangement is used. It will be recognised that a particular wall
construction can usually be driven in either of the ELA or ALA modes and a
design choice will be made depending upon the circumstances. It has been
mentioned previously that the compliance of the walls between channels
becomes an increas- 15  Ingly Importantfactor as channel density is
increased. By "compliance" Is meant here the mean displacement In response
to ink pressure. The relative compliance of the wall as compared to the
compliance of the ink affects operation of the printhead In a number of
related ways. The electro-mechanical coupling efficiency Is critcally
affected by the compliances, so also Is the degree of cross-talk between
neighbouring channels. In terms of energy efficiency, it Is Important to
match the compliance of the ink (Cl) with the compliance of wall (CW) and
20  to optimise these with regard to other channel parameters, particularly
the nozzle. Energy efficiency is not, however, the only design criterion of
importance to compliance considerations. It Is found that cross-talk
between channels Increases markedly as relative wall compliance Increases.
Clearly, It Is importantthatan ink droplet should be ejected from only
those channels that are selected and the pressure generated in neighbouring
channels through cross-talk must be kept safely below the levels associated
with 25  drop ejection. Prior to the making of this invention, the problem
of cross talk was a factor regarded as placing an upper limit upon channel
density. It is interesting to note, for example, that the array disclosed
in IBM Technical Dis- closure Bulletin Vo. 23 No. 10 March 1981 was shown
having a wall thickness between actuator-sharing cham- ber pairs which is
still greater than that of the wall accommodating the actuator. This was a
method of reducing 30  cross talk Certain methods have been described
earlier in this document for reducing wall compliance. The shape of each
wall can be varied to Increase stiffness and the thickness and nature of
the electrode layer applied to the walls can also usefully be varied to
Increase stiffness. It is also practical to coat each actuating wall with a
rigid insulator such as silicon carbide or tungsten carbide which are both
about thirteen times as stiff as PZT. 35  A still further option to stiffen
the actuator wails Is to corrugate them so that the channels are not
straight, but slightly sinuous. This modification is illustrated In Figure
8 which shows In schematic form, actuating walls 11 of sinuous form
arranged so that the channel 2 between them remains of constant width. Such
methods are particularly applicable to actuators which deform in shear
mode, since flexural rigidity is increased indepen- dently. There is thus
no material Increase In the voltage required to produce a required
displacement in shear 40   mode. As an alternative to reducing wall
compliance, this invention proposes techniques for Increasing the com-
pliance of the ink. One such technique will now be described with reference
to Figure 9. In its operating charac- teristics, this embodiment is very
similar to that of Figure 2(a). However, the channels In this case extend a
significant distance into the glass substrate. As will be apparentfrom the
Figure 9, atemate channels are exten- 45  ded into the bottom wall 25 and
top wall 17 respectively. This construction is achieved simply by
increasing thedepth of cutof the disc, laserdevice or othercutting system
used to produce the channel in the piezo-electric sheet so as to cut a slot
not only In the sheet itself but also In the underlying glass substrate. By
extending each channel laterally in this way the compliance of the ink Cl
is Increased with the same effect upon the ration CI/CW as is achieved by
stiffening the walls. It will be understood that methods spoken 50  of as
increasing relative wall compliance may be used to reduce mean wall
thickness for the same compliance and therefore produce a printhead design
of Increased linear channel density. The influence of the ratio Cl/CW is
described with reference to Figure 10. This Is a graphical representation
of the fluid pressure arising in neighbouring channels upon energisation of
a single channel [err] when both side walls are energised. The notation
employed is that [err] and [err] represent immediate neighbour channels,
[err] 55    and e[rr] next following channels, and so on. In the
theoretical case of entirely rigid walls, Cl/CW is infinite. As shown In
Figure 10(a) a positive pressure at +2 arbitrary units is produced in
channel [err] and negative pressures of-1 In neighbouring channels [err]
and [err] There is zero pressure change in channels [err] and [err] which
are of course the immediately adjacent channels in the group containing
[err] so as would be expected there is no 



10    EP 0 278 590 B1 cross-talk. Figures 10(b) to 10(d) illustrate the
effect of varying CI/CW to assumed values of, respectively, 18,8,3 and 1.
It will be seen that as the ratio CI/CW decreases, that is to say with the
walls becoming increasingly compliant in relative terms, the relative
pressure increases in group neighbour channels [err] and [err] The [err]
ence of compliance Is also to reduce the pressure [err] and energy stored
In the Ink and to increase energy stored 5   In the wails. It will be
recognised that size and velocity of a droplet being ejected from say the
P2 channel is reduced particularly if channels [err] and P4 are actuated
simultaneously. It should be noted, however, that the cross-talk effect
[err] substantially restricted to Immediate group neighbours, even at a
wall compliance equal to the compliance of the ink. This somewhat
surprising result enables high density arrays to be produced with the
problem of cross-talk remaining of manageable proportion. 10      A still
further method of compensation will be explained with reference to Figure
9. If extended channel 254 of Figure 8 is actuated, a positive pressure P
will result in a negative pressure -P/a In the physically neighbouring
channels 253 and 255. The group neighbour channels 252 and 258 will be
subject, to negative pressures -P/b. Now, upon suitable choice of material,
dimension and the like, it can be arranged that the can- til ever beam
substrate portions lying between channel 254 and its group neighbours 252
and 256, will deform 15  under the action of the pressure differential
between channels, so as to generate a pressure +P/b and com- pensate the
negative pressure -P/b. In this way the problem of cross-talk can be
eliminated, thereby removing the disadvantage that may be considered to
arise from an array with compliant walls. A design configuration can
accordingly be selected which is based on considerations of channel density
and energy efficiency without regard to interchannel cross-talk within a
group of channels. 20     It  should be understood that this invention has
been described by way of example and a wide variety of modifications are
possible without departing from the scope of the claims. With regard to
plezo-electric material for example, PZT is preferred although it would be
possible to use other ceramic materials such as barium tita- nate, or
plezo-electric crystalline substances such as gadolinium molybdate or
Rochelle salt. The piezo-electric material may be used as a layer upon a
substrate of which glass has been described as an example but for 25  which
numerous alternatives will appear to the skilled man. Alternatively, blocks
of plezo-electric material can be employed in place of the described
layered or laminate structures with the piezo-electric walls then being
integral with the supporting base wall. An advantage of the structure in
which a plezo-electric side wall Is moun- ted upon a glass or other
electrically Insulated substrate is that electrical cross talk between
channels of the array is reduced as is the problem of stray fields causing
unwanted distortion of a base wall formed of plezo- 30  electric material.
It should be understood that the channels or apparatus according to this
Invention whist parallel, need not have their axes lying precisely in a
common plane. It has been described how offset channels can offer advan-
tages. Generally, the parallel channels should be spaced In an array
direction. In apparatus affording a two- dimensional array of channels, it
should be noted that the array direction need not necessarily be normal to
35  the direction of relative movement. Indeed, the advantages have been
explained of increasing channel density in an array direction which is
parallel to the direction of relative movement of the print surface. The
specific description of this invention has been confined largely to pulsed
droplet inkjet printers. Whilst references have been made to "paper", it
should be understood that this term has been used generically to cover a
variety of possible print surfaces. More generally, the Invention embraces
other forms of pulsed droplet 40  deposition apparatus. For example, such
apparatus may be used for depositing photo-resist, sealant, etchant,
dilutent, photo-developer, dye and the like. Claims 45 1. A multi-channel
army, electrically pulsed droplet deposition apparatus comprising channels
(2) disposed side by side and having respective side walls (11) which
extend in the lengthwise direction of the channels and separate one from
the next of the channels, a series of nozzles (6) which respectively
communicate with said channels for ejection of droplets of liquid from the
channels, connection means (13,14) for connecting the chan- so   nels with
a source of droplet deposition liquid and electrically actuable means (15,
17, 19, 21, 23, 37, 39, 41, 43, 45, 16) located In relation to said
channels to effect, upon selection of any one of said channels, transverse
displacement of a part of a channel separating side wall (11) of said
selected channel, characterised In that the channels of said array are
parallel and said nozzles are disposed at the spacing of the channels and
said electrically actuable means are adapted to effect said transverse
displacement over a substantial part at least 55   of said channel
separating side wall of said selected channel to cause pressure change
therein and thereby effect droplet ejection therefrom. 2. Apparatus as
claimed in Claim 1, characterised In that said electrically actuable means
comprises pie- zo-electric material forming part at least of a wall (15,
17, 19,21, 23) adjoining one of said channels and elec-  



EP 0 278 590  B1 cross-talk. Figures 10(b) to 10(d) Illustrate the effectof
varying CI/CWto assumed values of, respectively, 18,8.3 and 1. It will be
seen that as the ratio CI/CW decreases, that is to say with the walls
becoming increasing compliant In relative terms, the relative pressure
increases in group neighbour channels [err] and [err] The [err] ence of
compliance is also to reduce the pressure [err] and energy stored In the
ink and to increase energy stored 5   In the walls. It will be recognised
that size and velocity of a droplet being ejected from say the P2 channel
is reduced particularly if channels [err] and [err] are actuated
simultaneously. It should be noted, however, that the cross-talk effect Is
substantially restricted to Immediate group neighbours, even at a wall
compliance equal to the compliance of the ink. This somewhat surprising
result enables high density arrays to be produced with the problem of
cross-talk remaining of manageable proportion. 10      A still further
method of compensation will be explained with reference to Figure 9. If
extended channel 254 of Figure 8 is actuated, a positive pressure P will
result In a negative pressure -P/a In the physicaly neighbouring channels
253 and 255. The group neighbour channels 252 and 256 will be subject, to
negative pressures -P/b. Now, upon suitable choice of material, dimension
and the like, it can be arranged that the can- tilever beam substrate
portions lying between channel 254 and its group neighbours 252 and 256,
will deform 15  under the action of the pressure differential between
channels, so as to generate a pressure [err] and com- pensate the negative
pressure -P/b. In this way the problem of cross-talk can be eliminated,
thereby removing the disadvantage that may be considered to arise from an
array with compliant walls. A design configuration can accordingly be
selected which is based on considerations of channel density and energy
efficiency without regard to interchannel cross-talk within a group of
channels. 20      It should be understood that this Invention has been
described by way of example and a wide variety of modifications are
possible without departing from the scope of the claims. With regard to
piezo-electric material, for example, PZT Is preferred although It would be
possible to use other ceramic materials such as barium tita- nate, or
piezo-electric crystalline substances such as gadolinium molybdate or
Rochelle salt. The piezo-electric material may be used as a layer upon a
substrate of which glass has been described as an example but for 25
which numerous alternatives will appear to the skilled man. Alternatively,
blocks of piezo-electric material can be employed In place of the described
layered or laminate structures with the piezo-electric walls then being
Integral with the supporting base wall. An advantage of the structure In
which a piezo-electric side wall Is moun- ted upon a glass or other
electrically insulated substrate is that electrical cross talk between
channels of the array Is reduced as is the problem of stray fields causing
unwanted distortion of a base wall formed of piezo- 30  electric material.
It should be understood that the channels or apparatus according to this
Invention whist parallel, need not have their axes lying precisely in a
common plane. It has been described how offset channels can offer advan-
tages. Generally, the parallel channels should be spaced In  an array
direction. In apparatus affording a two- dimensional array of channels, it
should be noted that the array direction need not necessarily be normal to
35  the direction of relative movement. Indeed, the advantages have been
explained of Increasing channel density In an array direction which is
parallel to the direction of relative movement of the print surface. The
specific description of this invention has been confined largely to pulsed
droplet inkjet printers. What references have been made to "paper", it
should be understood that this term has been used generically to cover a
variety of possible print surfaces. More generally, the Invention embraces
other forms of pulsed droplet 40  deposition apparatus. For example, such
apparatus may be used for depositing photo-resist, sealant, etchat,
dilutent, photo-developer, dye and the like. Claims 45 1. Amulti-channel
array, electrically pulsed droplet deposition apparatus comprising channels
(2) disposed side by side and having respective side walls (11) which
extend in the lengthwise direction of the channels and separate one from
the next of the channels, a series of nozzles (6) which respectively
communicate with said channels for ejection of droplets of liquid from the
channels, connection means (13, 14) for connecting the chan- 50   nels with
a source of droplet deposition liquid and electrically actuable means (15,
17, 19, 21, 23, 37, 39, 41, 43,45, 16) located In relation to said channels
to effect, upon selection of any one of said channels, transverse
displacement of a part of a channel separating side wall (11) of said
selected channel, characterised In that the channels of said array are
parallel and said nozzles are disposed at the spacing of the channels and
said electrically actuable means are adapted to effect said transverse
displacement over a substantial part at least 55   of said channel
separating side wall of said selected channel to cause pressure change
therein and thereby effect droplet ejection therefrom. 2. Apparatus as
claimed in Claim 1, characterised in that said electrically actuable means
comprises pie- zo-electric material forming part at least of a wall (15,
17, 19, 21, 23) adjoining one of said channels and elec-    



EP 0 278 590 B1 trode means (37,39,41,43,45) for applying a field to the
piezo-electric material. 3. Apparatus as ciaimed in Claim 1, characterised
In that said electrically actuable means comprises ple- zo-electric
material forming at least said partof each channelside wall
(15,17,19,21,23) and electrode means (37, 39,41, 43, 45) for applying a
field to the plezo-electric material. 5      4. Apparatus according to
Claim 3, characterised in that said plezolectric material is displaceable
under the action of the applied field In shear mode. 5. Apparatus according
to any one of the preceding claims, characterised In that substantlally
every side wall (15,17, 19,21, 23) is common to two adjacent channels (2).
6. Apparatus according to Claim 5, characterised in that the compliance of
the side walls is such that the 10   magnitude of the pressure changes
arising in neighbouring channels as a result of side wall compliance on
actuation of a selected channel represents a significant proportion of the
magnitude of the pressure change In the selected channel. 7. Apparatus
according to any one of the preceding claims, characterised In that each
electrically actuable means serves on selected actuation of any channel to
effect transverse displacement of at least part of both 15  side walls of
the channel one toward the other. 8. Apparatus according to Claim 7,
characterised In that said electrically actuable means comprises ple-
zo-electric material forming at least part of each channel side wall and
common electrodes (37,39,41, 43,45) are provided one for each channel for
applying a field to the piezo-electric material of the side wall. 9.
Apparatus according to Claim 8, characterised In that each said common
electrode comprises an elec- 20  trode layer covering substantially all
internal surfaces of the corresponding channel. 10. Apparatus according to
Claim 4, characterised in that said piezolectric material is disposed in
two reg- ions (29, 31) coextensive longitudinally of the channel and
mutually spaced normal to said array direction, the direction of poling
with respect to the applied electric field in each region being such that
the said wall part (17, 19, 21, 23) undergoes deformation generally to
chevron form. 25 11. Apparatus according to Claim 10, characterised in that
said regions are substantially contiguous. 12. Apparatus according to Claim
10, characterised in that said regions are connected through an inactive
wall part. 13. Apparatus according to anyone of the preceding claims,
characterised Inthatthe length of each channel is at least 30 times greater
than the mean dimension of the channel in the array direction. 30      14.
Apparatus according to Claim 13, characterised in that the length of each
channels is at least about 100 times greater  than the mean dimension of
the channel In the array direction. 15. Apparatus as claimed in any one of
the preceding claims, characterised In that, In the cross section of said
channels, the extent of said transversely displaceable side walls in the
direction normal to said array direc- ton is subtantially greater than the
mean dimension of said channels in said array direction. 35    16.
Apparatus according to Claim 15, characterised in that said extent of said
transversely displaceable side walls is from 3 to 30 times greater than
said dimension of the channels. 17. Apparatus according to Claim 5,
characterlsed in that, In the cross section of said side wells, the extent
of said side walls in the direction normal to said array direction
issubstantially greater than the mean dimension of said side walls in said
array direction. 40      18. Apparatus according to Claim 17, characterised
in that said extent of the side walls Is from 3 to 30 times greater than
said dimension of the side walls. 19. Apparatus according to Claim 17,
characterised in that each sidewall (31, 33) Is shaped to reduce the mean
displacement thereof in the array direction In response to pressure
difference between the channels adja- cent the side wall, compared with a
rectangular cylindrical side wall of the same mean dimension In the array
45  direction. 20. Apparatus according to Claim 19, characterised in that
the dimension of each sidewall in the array direc- tion reduces in the
direction towards the mid-height of the channel cross section. 21.
Apparatus according to Claim 19, characterlsed in that said side walls (11)
are sinuous in a plane con- taining both the channel lengths and said array
direction. 50      22. Apparatus according to Claim 17, characterised in
that each sidewall (15, 17,19,21, 23, 31, 33) is pro- vided with means to
reduce the mean displacement thereof in the array direction in response to
pressure dif- ference between the channels adjacent the side wall, compared
with a rectangular cylindrical side wall of the same mean dimension In the
array direction. 23. Apparatus according to Claim 22, characterlsed in that
said means comprises a surface layer provided 55 on the piezo-electric
material of a material siffer than the plezo-electric material to reduce
the compliance of the piezo-electric material in flexure to pressure In the
channel without substantially affecting the compliance of the
piezo-electric material in shear. 24. Apparatus according to Claim 23,
characterised in that said surface layer comprises insulating material 12



applied over said electrodes. 25. Apparatus according to Claim 23,
characterised in that said electrodes are made of a thickness greater than
that required for electrical functioning thereof. 26. Apparatus according
to any one of the preceding claims, characterised in that said channel side
walls 5   extend between top and bottom walls (27, 25) common to the array.
27. Apparatus according to Claim 26, characterlsed In that said side walls
are rigidly connected to said top and bottom walls to inhibit rotational
movement of sections of the side walls relative to the top and bottom wails
28. Apparatus according to Claim 26 of Claim 27, characterised in that said
electrically actuable means comprises plezo-electrical material extending
substantially from the top to the bottom wall over said part of the 10
said channel separating side wall. 29. Apparatus according to Claim 28,
characterised In that said top and bottom walls are formed of elec-
trically Insulating material. 30. Apparatus according to any one of Claims
26 to 29, characterised in that each channel (2) is formed with a
communicating channel extension (251-258) in either or both of the top and
bottom walls (27,25). 15      31. Apparatus according to Claim 30,
characterised in that substantially all channel extensions are formed in
the same one of the top and bottom walls. 32. Apparatus according to Claim
30, characterised in that the channel extensions of successive channels are
formed alternately In the top and bottom walls. 33.Apparatus according to
any one of the preceding claims, characterised in that said nozzles
communi- 20  cate substantially directly with the respective channels. 34.
Apparatus according to any one of the preceding claims, characterised in
that each channel contains in a quiencent state a volume of liquid V and
for each channel there are provided connecting means for con- *    necting
the channel with the respective nozzle, the internal liquid volume defined
by each said connecting means being less than 0.1 V. 25      35. Apparatus
according to Claim 33, characterised in that said transversely displaceable
side wall part extends from the location In each channel at which the
channel communicates with the corresponding nozzle (6). 36. Apparatus as
claimed in Claim 1, characterised In that said channels are arranged In
pairs with the two channels (2, 77) of each pair being assigned
respectively to a first and a second group of said channels and 30  having
a longitudinal side wall (15, 19, 63) which divides the channels of the
pair, and electrically actuable means (15, 19, 23, 37, 39, 41, 43, 45, 16)
adapted in respective time alternating first and second operating modes,
upon selection of any channel in respectively the first or second group of
channels, to effect transverse displaceentin the appropriate sense of
atleast part ofthe side wall which divides the pair of channels induding
the selected channel, so as to cause a change of pressure in the selected
channel to effect droplet ejection 35  from the nozzle communicating
therewith, the nozzles (6) communicating with the channels of the first
group - of channels being offset in the direction of relative movement of
said surface on which droplets are to be depo- sited, with respect to the
nozzles communicating with the channels of the second group of channels, by
an amount commensurate with the time spacing between said first and second
operating modes. 37. 37. Apparatus according to Claim 36, characterised in
that each channel of a channel pair is separated 40  from the adjacent
channel of the next succeeding pair by a fixed longitudinal wall (17, 21,
61). 38. Apparatus according to Claim 36, characterised in that each
channel of a channel pair is separated from the adjacent channel of the
next pair by a displaceable longitudinal side wall (17,21), the
electrically actu- able means being adapted upon selection of a channel to
effect transverse displacement mutually toward one another of opposite side
walls of the selected channel. 46      39. Apparatus according to Claim 38,
characterised In that each channel communicates with a respective channel
extension (251-258) projecting transversely from the channel and providing
a volume not bounded by the corresponding side wall. 40. Apparatus
according to Claim 38, characterised in that each channel communicates with
a respective channel extension (251-258) with the channel extensions (251,
253,257) of the firstand the channel extensions 50 (252, 254, 256, 258) of
the second groups of channels projecting In respective opposite directions.
41. Apparatus according to Claim 40, characterised in that the channel
extensions of each group of chan- nels project through a common substrate
and portions (148) of the substrate defined between adjacent channel
extensions of each group are displaceable to effect pressure transfer
between said adjacent channel exten- slons. 55      42. Apparatus according
to Claim 40, characterised in that the channel extensions assocated with
each group of channels extend within a common substrate and define
cantilever substrate portions (148) lying be- tween adjacent channel
extensions of the group. 43. Apparatus according to Claim 42, characterised
in that the two substrate portions bounding the channel 13   



. EP 0 278 590 B1 extension of any channel are adapted to deflect under the
action of a pressure change In said channel to com- pensate in the group
neighbouring channels of said channel for pressure changes arising from
compliant sidewall deformation. 44. Apparatus according to any one of
Claims 39 to 43, characterised In that the volume of each channel 5
extension (251-258) is greater than the volume of the corresponding
channel. 45. Apparatus according to anyone of Claims 39 to 43,
characterised In that each channel extension (251- 258) has a bounding
surface which is generally coplanarwith a longitudinal side wall surface
ofthe correspond- ing channel. 46. Apparatus as claimed in Claim 1,
characterised in that successive channels (2) of said parallel channels 10
are assigned alternately to a first and a second group of said channels,
said parallel channels having longitu-  - dinal side walls (15, 17, 19, 21,
23) each serving to divide one channel from the next and electrically
actuable means (15, 17,19,21, 23,37,39,41, 43,45,16) are provided which are
adapted in respective time altemating first and second operating modes,
upon selection of any channel in respectively the first or second group of
channels, to effect transverse displacement in the appropriate sense of at
least part of both side walls 15  associated with the selected channel, so
as to cause a change of pressure in the selected channel to effect droplet
ejection from the nozzle communicating therewith. 47. Apparatus according
to Claim 46, characterised in that the nozzles (6) communicating with the
channels of the first group of channels are offset with respect to the
nozzles (6) communicating with the channels of the second group, by an
amount commensurate with the time spacing between said first and second
operating 20   modes. 48. Apparatus according to Claim 46 or Claim 47,
characterised in thatsuccessive channels are offsetalter- nately in
opposite senses along a direction normal both to the length of the channels
and the direction in which the channels are spaced. 49. Apparatus according
to Calm 48, characterised in thatthe channels are formed In a body and the
body 25  portions bounded by any channel and neighbouring channels of the
same group as said channel are adapted to deflect under the action of a
pressure change in said channel to compensate In said neighbouring channels
for pressure changes arising through compliant deformation of side walls.
50. Apparatus as claimed in Caim 1, comprising a top wall (27), a bottom
wall (25), side walls (11) extending between and normal to said top and
bottom walls to define therewith a multiplicity of parallel channels (2)
having 30  respective longitudinal axes thereof disposed in a plane,
respective nozzles (6) provided at corresponding points of said channels
for ejection of droplets of liquid from said channels and respective
connection means (13) for connecting said channels to a liquid source for
affording replenishment of droplets ejected from said channels,
characterised in thatatleastsome of said sidewalls areformed
substantiallywhollyfrom piezo-elec- tric material and have respective wall
parts (29, 31) adjacent said top and bottom walls with electrodes (37, 35
39, 41, 43,45) disposed on opposite surfaces of each of said wall parts
extending parallel with said channels and normal to said plane to afford an
electric field normal to said surfaces thereby to effect shear mode def-
lection of said wall parts in respective opposite senses transversely to
the channels and generally parallel to said plane, thereby to effect
droplet ejection from said channels. 51.Apparatus as claimed in Caim 50,
characterised in that substantially every side wall (11) is displaceable 40
and said electrodes are adapted to be energised in a first mode of
operation to effect transverse displacement mutually towards one another of
opposite side walls of selected channels of a first series of channels to
cause droplet ejection from said selected channels of said first series of
channels whiist in a second mode of operation transverse displacement
mutually towards one another is effected of opposite side walls of selected
channels of a second series of channels respective channels of which
alternate with the channels of said first series to 45  cause droplet
ejection from said selected channels of said second series. 52. Apparatus
according to Claim 51, characterised in that the nozzles (6) of said first
series of channels have their axes parallel and disposed In a first plane
and the nozzles (6) of said second series have their axes parallel and
disposed in a second plane parallel with and spaced from said first plane
by an amount to com- pensatefor the time difference in droplet ejection
from said first and second series of channels so that deposited 50
droplets are disposed in predetermined manner. 53. Apparatus as claimed in
Claim 1, and in which said parallel channels (2) have longitudinal axes
dis- posed In a plane and respective cross-sections extending normal to
said plane and of regular form, character- ised in that respective walls
(63) of piezo-electric material form corresponding sides of said channels
extending normal to said plane of said channel axes and are poled In the
direction parallel to said plane and electrodes 55  ( 79, 81) are disposed
on each of said walls of piezo-electric material to provide for an electric
fleld therein normal to said direction of poling to cause deflection of
said wall of plezo-electric material transversely to the axis of the
channel of which it forms a side to effect droplet ejection therefrom. 54.
Apparatus as claimed in Claim 53, characterised In that said channels are
arranged In successive pairs 14 



(77) and between the channels of each pairisawal (63) of piezo-electric
material which is poled in the direction normal to the plane of the
channel-axes and provides a common side wall of the corresponding pairof
channels which extends normal to the plane of the axes of the channels and
said electrodes (79, 81) are disposed in relation to each of said walls of
plezo-electric material to effect transverse deflection of said wall into
one of 5   the channels of which the wall is part in a first mode of
operation and transverse deflection of said wall in a second mode of
operation into the other of the channels of which said wall forms part. 55.
Apparatus as claimed in Claim 53, characterised in that all side walls of
said channels which extend normal to said plane at least partly comprise
piezo-electric material (97, 99) extending throughout the wall length and
poled in a direction parallel with said plane and transversely to said
channel axes, said electrodes (95, 10  103, 105) are disposed on each of
said side walls to provide for an electric field therein normal to said
direction of poling,land means (109, 110) for energising said electrodes
are provided which In a first mode of operation effect transverse defection
of opposite side walls of channels of a first series of channels with the
deflected side walls of said channels of said series of channels moving
mutually towards one another to cause droplet ejection from said channels
of said first series of channels whose opposite side walls are deflected
and in a 15  second mode of operation transverse deflection is effected of
opposite side walls of channels of a second series of channels respective
channels of which altemate with the channels of said first series with the
deflected side walls of said second series of channels moving mutually
towards one another to cause droplet ejection from said channels of said
second series whose side walls are deflected. 56. Apparatus as claimed in
Claim 55, characterised in that all of said side walls which extend normal
to 20 said plane comprise a central inactive wall part (95) and outer wall
parts (97, 99) of plezoelectric material re- spectively poled In directions
parallel with said plane and transversely to said channel axes. 57.
Apparatus as claimed In Claim 1, characterised in that said parallel
channels are formed by parallel side walls (152, 153, 154, 155, 156, 157)
and pairs of strips (158, 159) of piezo-electric material extending the
length of said side walls, each pair of strips being sandwiched between
successive of said side walls (15257) 25  and spaced apart to form
therewith a channel of rectangular cross-section, said multiplicity of
channels so for- med having their longitudinal axes disposed in a plane,
respective nozzles (6) communicating with said chan- nels at corresponding
ends thereof and respective connection means (13, 14) for connecting said
channels to a source of droplet deposition liquid, each of said strips
being poled in the same sense (160) and In a direction parallel with said
plane, there being provided electrodes at faces of said strips which are
opposed to said side 30  walls to provide In each of said strips an
electric field in the poling direction thereof and electrode energising
means which in a first mode of operation effect displacement of strips of
some at least of said pairs of strips of a first series of channels to
effect transverse movement in opposite directions of the side walls
engaging the displaced strips and so cause droplet ejection from the
channels of the side walls so moved, and, in a second mode of operation to
effect displacement of the strips of some at least of said pairs of strips
of a second series 35  of channels of which the channels alternate with the
channels of the first series to effect transverse movement In opposite
directions of the side wails engaging the displaced strips and so cause
droplet ejection from the channels of the side walls so moved, the
electrode energising means being adapted in each of said modes of operation
to effect displacement of each of the side walls of each channel from which
a droplet is ejected by the same amount and in the same direction as the
side walls forming with the side walls of each channel from 40  which a
droplet is ejected the channels next to and on opposite sides of said
channel from which droplet ejection takes place. 58. Apparatus as claimed
in Claim 1, characterised in that said parallel channels are formed by
bi-morph side wails (172-177) and pairs of strips (178, 179) of inactive
material each of which pairs is sandwiched be- tween successive of said
side walls to form therewith a channel of rectangularsection, said
multiplicity of chan- 45   nels so formed having their longitudinal axes
disposed in a plane, and each of said bi-morph walls comprising at least
one layer of piezo-electric material extending transversely to and poled in
a direction parallel with said plane and provided with an electrode (180),
respective nozzles (6) communicating at corresponding locations with said
channels and respective connection means (13,14) for connecting said
channels to asource of droplet deposition liquid, there being provided
electrode energising means which in a first mode of operation effect 50
transverse flexural displacement in respective opposite directions of some
at least of opposite side walls of channels of a first series of channels
to cause droplet ejection from the channels of the side walls so moved,
and, in a second mode of operation effect transverse flexural displacement
in respective opposite directions of some at least of opposite side walls
of channels of a second series of channels of which the channels alter-
nate with the channels of the first series to cause droplet ejection from
the channels of the side walls so moved. 56      59. Apparatus as claimed
in Claim 1, characterised in that said channels are formed by parallel
flexible side walls (192-197) and spaced top and bottom planar walls (190,
191) with which said side walls engage at opposite ends thereof, said top
and bottom walls being provided by respective layers of plezo-electric
material poled In opposite senses normal thereto and formed by wall
segments of rectangular cross-section of thicknes- 15 



ses in the direction between segments corresponding with the side wall
thickness and channel width between successive of said side walls, said top
and bottom walls being disposed with said segments thereof in line with
opposite ends of said side walls and said channels, respective nozzles
communicating with said channels at corresponding ends thereof and
respective connection means for connecting said channels to a source of
drop- 5   let deposition liquid, electrodes (198) provided respectively
between adjacentandfacing sides of said segments and electrode energising
means which in a first mode of operation through shear mode deflection of
segments of said top and bottom walls effects flexure in mutually opposite
directions of opposed side walls of selected channels in a first series of
channels to cause droplet ejection from the channels of the side walls so
flexed. and, In a second mode of operation through shear mode deflection of
segments of said top and bottom walls 10  effects flexure In mutually
opposite direction of opposed side walls of selected channels of a second
series of channels of which the channels alternate with the channels of
said first series to cause droplet ejection from the channels of the side
walls so flexed. 60. Appartus according to any one of the preceding clalms,
characterised in that each displaceable side wall is first displaced in one
sense and secondly displaced in an opposite sense to effect ejection of a
droplet 15  for the associated channel. 61. Apparatus as claimed in any
preceding claim, characterised in that said parallel channels are disposed
in the array direction at a density of two or more channels per milimetre.
62.A method of making a multi-channel array pulsed droplet deposition
apparatus, characterised by the steps of 20      (a) forming a base wall
with a layer of piezo-electric material, (b) forming a multiplicity of
parallel grooves in ald base wall which extend through said layer of
piezo-elec- tric material to afford walls of piezo-electric material
between successive grooves, pairs of opposing walls defining between them
elongate liquid channels, (c) locating electrodes in relation to said walls
so that an electric field can be applied to effect displacement 25      of
said walls transversely to said liquid channels, (d) connecting electrical
drive circuit means to said electrodes, (e) securing a top wall to said
walls of said piezoelectric material to close said liquid channels, (f)
providing nozzles and liquid supply means for said liquid channels. 63. The
method as claimed in Claim 62, further characterised by the steps of; 30
(a) forming a top wall with a layer of piezo-electric material, (b) forming
a multiplicity of parallel grooves in the top wall which extends through
said layerof piezo-electric material to afford walls of piezo-electric
material between successive grooves, (c) locating electrodes in relation to
said walls so that an electric field can be applied to effect displacement
of said walls transversely to said liquid channels, and 35       (d)
securing the top wall by securing the piezoelectric walls of said top wall
to the piezo-electric walls of the base wall. 64. The method as claimed in
Claim 62, characterised in that the step of locating electrodes comprises
the deposition of an electrically conducting layer over substantially all
surfaces of said grooves. 65. The method of any one of Claims 62 to 64,
characterised in that the base wall comprises an electrically Insulating
substrate and a surface layer of piezo-electric material and the step of
forming grooves comprises extending at least certain of said grooves a
substantial distance into said substrate. 66. The method of Claim 65,
characterised in that alternate grooves are extended into said substrate.
45  Ansprfache 1. EMne elektrisch gepulste Trdpfchenablagerungsvorrichtung
In Vielkanal-Gzruppierung mit KanIlen (2), die Selte an Seite angeordnet
Bind und jewels Seltenwlnde (11) haben, die slch in LAngsrichtung der
Kanale erstrecken und olnen Kanal von dem nachsten trennen, mitelnerRelhe
von DOsen (6), dlejeweils mitden Kan- 0o  len zum Ausotogen von
FlfssigkeitstrOpfchen aus den Kanflen in Verbindung stehen, mit
Verbindungamitteln (13,14), um die Kanfile miteiner Quelle fOr die
Tropfchenablagerungsf llsIgkeitzu verbinden und mitelektrlsch betfitigbaren
Mitteln (15, 17, 19, 21, 23, 37, 39, 41, 43, 45, 16), die In Beziehung zu
den Kanfilen angeordnet sind, urn fberdle Auswahl einesder Kangle sine
transversale Verschlebung esnes Tells elner Kanal trennenden Seitenwand
(11) des ausgewahiten Kanales zu bewirken, dadurch gekennmetchnet, dafl die
Kanale der Grup- 65  plerung parallelzuelnanderslnd und die DWsen mltder
Beabstandung der Kandleangeordnetsind und die elek- trisch bet4tigbaren
Mittel angepaSt sind, um die tranaversale Verschlebung fiber elnen
wesentichen Tell zumindest der kanaltrennenden Seltenwand des ausgewAhiten
Kanales zu bewirken, um olnen Druckwechsel daun zu verursachen und dadurch
einen TrfpfchenausstoB aus dlesem Kanal zu bewirken. 16    



EP 0 278 590B1 2.eVorricung nach A      Ispnch 1, dadurch gekennzelchnet,
daB des elekdrlsc betfitgbare Mittel eln plezo- eleldrisches Material das
zumfndest elnen Toil elner Wand (15, 17, 19, 21, 23) blidet, die an elnon
derlCanfft angrenzf und esne Elektrodenanordnung (37,39,41, 43,45) zum
Aniegen sines Feldes an des plezoi leIk sche Material, auWhleet. 5      3.
Vortchtung nach Anspruch 1, dadurch gekennzelchnet, daB das esekrisch
botfitgbare Mittel plezoele1k trisches Mateial, di zumnindest den Tell
Jeder Kanalseetenwand (15, 17, 19,21,23) bldet, und elns Eidro-
denanordnung (37,39,41,43,45), zurn Anlegen eines Feldes an des
plezo-elekbische Material aufwelst. 4. Vorrlohtung nach Anspruch 3, dadurch
gekennzelchnet, daB das pIezoelekrische Material unter der Wirkung des
angelegten Feides kn Schubschwingungsmcdw auslenkbar let. 10      5.
Vorrichtung nach enern der vorstehenden Anspriche, dadurch gkennzelchnet,
daB im wesenlilchen jede Seltenwand (15, 17,19,21,23) fur zwel benachbarte
Kmnale (2) gemelnsam Ist. -e. VoIohtug nach Anspruch 5, dadurch
gekennzelchnet daB die Compliance der Seltefrminde derart lst, dal dh GrSB
der Drucindemngen, di in benachbarten Kamnien alsein Ergebnis
derSeftenwand-Con. pilancebd Betitigung lnes auagewihiten Kanalesauflreten,
elnen bedeutenden Beltragz   pgre,  rudml 5   anderungfn dem ausgewihlten
Kanal darstellt. 7. Vorlchtung nach einem dervorstehenden Ansprfche,
dadurch gekennzelchnet daB jedes eleitrisch betfitgbare Mittel bel
ausgewahiter Betffiigung eines KanaJ dazu dient, ene seltilche Verechlebung
zuminded eines Telis bolder Seatonwande des Kanals aufeinander zu bewHn.
8Vorrichtjng nach Anspruch 7, dadurch gekennzelchnet, daB die eleidsch
betigbaren Mlttel plezo. a2  elekiches Material, das zumindest TeloeJeder
Kanalseenwand bildet, und gemelnsame, Eleiroden (37,39, -41, 43, 45), eine
fiirjeden Kanal, aufwelsen, um.eln Fold an das piezo-elektrlsche Material
der Seltenwand anzulegen. 9. Voffichtung nach Anspruch 8. dadurch
gekennzelchnet, daiJed. ge eneinsame Elektrode ene Elektro- denschhcht
umfaBt, die im wesentlchen sile Inneren Oberfichen des betreffenden Kanales
bedeckt. -..    25     10. Vorrichtung nach Anspmuch 4, dadurch
gekennzelchnet, dag das plezo-elektrische Material In zwel .:: .   ...
Berelchen(2, 31) mit gleichen Abmessungen In LIngsrichtung des Kanales
angeordnet lt und gegenseltig *    .     . normal zurRlchtung
derGrupplerung beabstandet Ist wobel die Polungsrichtung Im Hinblic* auf
das angelegte elektische Fold Injedem Bereich derartslt, daB dasWandtel
(17,19,21,23) im atigemeinen elnerDefonnaton zu elner Chevron-Form
unterzogen Yird. - -30   11. Vorrichtung nach Anspruch 10, dadurch
gekennzelchnot, daB die Bereiche irn wesenthlchen anelnander anstolen. *
12. Vorchtung nach Anspruch 10, dadurch gekennzeichnet, daB die Berelche
iber onen Inaktven Wand- tell verbunden sind. 13. ..pr ohtung nach  elnem
der vorstehenden Ansprfche, dadurch gelennzelchnet, dae die I.nge elnes .5
jeden Ka als zumindeat30 mal grailerlstals die mittlere Abrnessung des
Kanals In derGrupplerungs-ptchtung. *. .          14. V.  chtung nach
Anspruch 13, dadurch gekennzeichnet, dag die UAnge elnesJeden Kanals
zumindest ungefhr 00 mel grSBer let ale die mlfWlere Abmossung des Kanals
In der Gnuppierungs-.Rchking. 15. voricnxung nach einem dervorstehedden
AnsprfOche, dadurch gekennzelchnet, daB dte Ausdehnung der transversal
auslenkbaren Seltenwainde Im Querschnitt der Kanile In du Richtung normal
zur Gruppie, 4-   runge-Rtchtung wesentlich grqr3er let ale die mitflere
Abmessung der Kanile In der GrupplenungseRichtung 16. Vorrichtung nach
Anspruch 15. dadurch gekennzelchnet, da8 die Erstreckung der transversal
auslenk- baren Seltenwande 3 bie 30 mal "Rer let ate die Abmessung der
Kanile. 17. Vonichtung nach Anspruch 5, dadurch gekennzelbhnet, daBf die
Erstreckung der Seltenwinde Im Quer- schnittder Seltenwfinde InderRichtung
normal zur Grupplerungs-11chking wesentlich graflerletab die mittlere 4
Abmessung der Seltenwfinde In der Grupplerungs-Rchtung. 18 Vorrichtung nach
Anspruch 17, dadurch gekennzelchnet, daB die Eretreckung der Seltenwinde 3
bis 30 mal groiler Ist ale die Abmessungder Seltenwande. 19. Vorrichtung
nach Anspruch 17, dadurch gekennzelchnet, daejede Seltenwand (31, 33) so
geforrnt ist daB ihre mittlere Auslenkung In der GruppierungseRichtung In
Abhingigkeilt von der Druckdlffereuz zwtschen so  den zu der Seltenwand
benachbarten Kanhlen, verglichen mit elner rechtwinkligen, zylindrischen
Seltenwand mit der glechehn mitieren Abmessung. In der Gruplerungs-Rchtung
reduziert ILt. 20.Q onichtung nach Anspruch 19, dadurch gekennzeochnet, daR
slch die AbmessungJeder Seitenwand In der Gruppierungs-Richtung In Richtung
auf die Mittelh~he des Kanalquerschnitts verringerL 21. Vorrichtung nach
Anspruch 19, dadurch 9ekennzelchnet; daB die Seltenwinde (11) In eoner
sowohi as   die Knaillingen ale auch die GrupplerungseRPlelfng enthaltenden
Ebene wellenfirmig gebogen sind. 22. Vpnichtung nach Anspruch 17, dadurch
gekennzelchnet, daB jede Seitenwand (15, 17,19,21, 23,31, 33) mit AOtlein
versehen let, urn thre mlfflere Auslenkung In Grupplerungs-Richtung In
Abhfinglgkejt von der Druckdifferenz zwischen den zu der Seltenwand
benachbarten Kanglen, verglichen mit olner rechtwinifien 17   



*C  L  M   5  l zylindrischien Seltenwand der gleoichen mittleren
Abmessung, in der Grupplerungs-Richtung zu reduzieren. 23. Vorrchtung nach
Anspruch 22, dadurch gekennzelchnet, daPi die Mittel sine aufdem
piezo-elektrischen Material vorgesehene Oberflchenschicht aus elnem
Material aufhehsen, das stelfer let ala das plezo-elekti- ache Material, um
die Compliance des plezo-elektrischen Materials bei elner Durchblegung
unter Druck In dem 5   Kanai zu reduzleren, ohne Im wesenilichen die
Compliance des piezo-elekitischen Materials bel Scherung zu ^. .
beeinflussen. 24. Vorrichtung nach Anspruch 23, dadurch gekennzelohnet, dm8
die Oberflachenschicht isolierendes Material urhfaUt, doe fiber dle
Eleiktroden aufgebracht ist 25. Vonichtung nach Anspruch 23. dadurch
gekennzelchnet, dag die Elektroden mit elner Dicke hergesteit 1o  sind, die
grOEer ist ale die, die fir Ihre elektusche Funktlon benotigt wird. 26.
Vorichtung naeh eoln der vorstehenden Anspr*che, dadurch gekennzelchnet dm8
sloh dle Kanaa- soltenwainae zywbchen oberen und unberen Wanden (27, 25)
erstracken, die der Grupoplerung gemealnsamn ind. 27. Vokrchtung nach
Anspruch 26, dadurch gekennzohchnet, daB die Seitenwande starr mit den
oberen und unteren Winden verbunden sind, um ehne Rotatlonsbewegung von
Bereichen der Seltenwande relativ zu 15  den oberen und unteren Winden zu
unterbinden. 28. Vorrichung nach elnem der Anspriche 28 und 27, dadurch
gekennzelchnet, dao die elktrIsch betWi tigbaren Mittel piezo-elektrischei
Material umfassen, das slch Im wesentilchen von der oberen zu der untren
Wand Oer den Tel der die Kanale trennenden Seltenwand erstreckt. 2
.Vorlchtung nach Anspruch 28, dadurch gekennzelchnet, daB die oberen und
unteren Wande aus ei- 20  nem elktrisch isdilerenden Material geblidet
sind. 30. VoWrrchtung nach elnern der AnsprOche 26 ble 29, dadurch
gekennzelchnet, dag jeder Kanat (2) mit einerkommunizierenden
Kanalveringerung (251 bi 258) in elneroderbelden deroberen und unteren
Winde -   (27,25) aqsgebildet isL - 31. Vorrchtung nach Anspruch 30,
dadurch gekennzeichnet, da3 im wesinlichen aile Kanalveringerun- 25' gen In
der gleichen der oberen und unteren Wande ausgeblidet sind. 32. Vorrichtung
nach Anspruch 30, dadurch gekennzelchnit, dag die KanaivedIngerungen der,
aufein- ander folgenden Kanaie abwechselnd in den oberen und unteren Wanden
ausgebidet sind. 33. Vonichtung nach elnem der vorstehenden Anspr~che,
dadurch gekennzelchnet, daB die Disen Im . . weaintilchen unmittelbar mit
den betreffenden Kanilen verbunden sind. ;so     34. Vornchtung nach ednem
der vorstehenden Ansprache, dadurch gikennzelchnet, daB jeder Kanal Im
Ruhe-Zustand sin FlOsslgkeltsvolumen V enthilt und fOrieden Kanal
Virbindungamittel vorgesehen sind, um den Kanai mit der zugeordneten Da~se
zu verbinden, wobel das Innere Flassigkeltevolumen, das durch jedes
Verbindungamittel bestimmt ilt, Ideiner ist ala 0,1 V.. 35. Vorrchtung nach
Anspruch 33, dadurch gekennzelchnet, daiB alch das transversal
verschlebbare Sol- 536  tenwandte vaon der Stelle In jedem Kanai, an
welcher der Kanai mit der zugehorigen DWse (6) kommunizlert, erstrect  j
36. Vorrichtung nach Anspruch 1, dadurch gpkennzelchnet, dmg die Kandla In
Paaren angeordnet sind, wobel die beiden Kandle (2, 77) jedes Paarjewefls
elner erstin und elnerzwelten Gruppe von Kanalen zuge- ordnet sind und .ine
longitudinale Seltenwand (15, 19, 63) haben, die die Kanale des Paares
untertelt, und 4o  die elektrsch betftgbaren Mlitel (15, 19, 23,
37,39,41,43,45, 18) anJewellige zeffich wechselnde erste und zwelte
Betdebarnodi beiAuswahl slnes Kanals In derjewells ersten oderzwelten
Gruppe von Kanale, angepalt sind, urn sine transversale Verachiebung In dem
geeigneten Slnne zurnindest des Toles der Seltenwand zu bewirken, der das
Paarvon Keanilin einschilefillch des ausgewdhiten Kanais untertelt so daB
eln Druckwech- sal In dem ausgewahiten Kanat verursacht wird, um den
Ausstol elnes Tr8pfchens aum der DWse, die damit in 45  Verbindung steht,
zu bewkken, wobel die DWsen (6), die mit den Kanalen der ersten Gruppe von
Kanalen hI Verbindung stehen, In der Richtung der relativen Bewegung der
Oberilache, aui der die Tropfen abzulagem sind, In Bezug auf die Dfsen, die
mi den Kanilen der zwelten Gruppen von Kanalen In Verbindung stehen, um
Shen Betrag vreaetzt sind, der dem zeltlichen Abstand zwischen dem eratn
und dem zweilten Betrlebs- modus entspricht. 5o      37. Vonrichtung nach
Anspruch 36, dadurch gekennzelchnit, daBjedir Kanal ehnes Kanalpaares von
dem benachbsrten Kanal des nachsten foUgenden Paares durch emnefeste
longitudinale Wand (17,21, 61) getrennt wird. 38. Vorrichtung nach Anspruch
36, dadurch gekennzetchnet, dalljoder Kanai eines Kanmlpaares von dem
benachbarten Kanal des nachsten Pamres durch ehe bewegliche longitudinale
Seltenwand (17,21) getrennt 56   lt, wobel die eleklrisch bet&tigbaren
Mittel bel Auswahl eines Kanales angepast sind, urn elne gegenseltige
transversai Vertchlebung von gegeniberilegenden Seltenwinden des
ausgewahlten Kanales aufolnanderzu zu bewirke". 39. Votrichtung nach
Anspruch 36, dadurch gekennzeichnet, dalB jeder Kanai mit elnerjeweiligen
Kanai- !~ ~ ~~~~~~1  
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Verbindung steoh die transversal von dem Kanai vorsteht und ein Volumen
bildet, das nicht durch die entsprechende Seltenwand begrenzt ist. 40.
Vorrlchtung nach Anspruch 38, dalurch gekennzelchnet, dagijeder Kanal mit
elnerjeweligen Kanai- verlangerung (251 bis 258) verbunden ist, wobel sich
die Kanalerverllngerungen (251, 253, 257) der ersten -   und die
Kanaivertdngerungen (252, 254, 256, 258) der zwelten Gruppe von Kanalen in
jeweils entgegenge- setztoe RIchtungen erstrecken. 41. Vorrtchtung nach
Anspruch 40, dadurch gekennzelohnet, daB die Kanaiverilngerungen von Jeder
Gruppe von Kanaien durch sin gemeinsames Substrat vorstehen und Tell. (148)
des Substrates, die zwischen benachbarten Kanalverlangerungen einerjeder
Gruppe definiert sind, beweglich sind, um sine Druckiberbia- 10  gung
zwischen den benachbarten Kanatveriangerungen zu bewirken. -42. Vonrichtung
nsch Anspnuch 40, dadurch gekennzeichnet, daB stch die Kanalvedangerungen,
die jeder Gruppevon Kanaien zugeordneteind, Innerhalb einesgerneinsames
Substrates erstrecken und Oberhingende bzw. frende Substratteile (148)
definleren, die zwlechen benachbarten Kanalveriangerungen elner Gruppe li
3en. 15     43. V nrchtung nach Anspruch 42, dadurch golkennzelchnet, dal
die beiden Substratteile, die die Kanal- veriangeng oines jeden Kanales
begrenzen, ongepa~t sind, um sich unterderWirkung sines Druckweohsels in
dem Kanal zu biegen, um In den gruppenbenachbarten Kanalen des Kanals
Druckinderungen zu kompen- sleren, die durch elastiach nachglebige
Seltenwanddefonmation entstehen. 44vVornchtung nach einem der Anspr(che 39
bis 43, daduroh gekennzetchnet, daB das Vdoumen jeder 20   Kanaoirlangerung
(251 bis 258) gr8Ber ist als das Voiumen des entsprechenden Kanals. 45.
Vorrichtung nach elnem der Ansprfilche 39 bis 43, dadurch gekennzeichnet,
daB jede Kanalverlinge- rung (251 'bi 258) elne begrenzende Oberftfiche
hat, die tm aligemeinen In dergleichon Ebene mit olner Ober- . flache einer
longitudinalen Seltenwand des entsprechenden Kanals ilegt. 46. Vorrichtung
nach Anspnuch 1, dadurch gekennzelchnet, dall aufeinanderfolgende Kanale
(2) der paral- 25  lelen Kanile abwechselnd einerersten und einerzwelten
Gruppe derKanhlezugeordnetsind,wobel die paral- lelen Kanfie longitudinale
Seitenwhnde(15, 17, 19,21.23) haben, diejede dazu dlenen, eonen Kanai von
dem nachsten zu ronnen, und electrisch bethtigbare Mittel (15, 17,
19,21,23. 37, 39,41,43, 45, 16) vorgesehen. sind, die belAuswahi elnes
Kanalesaus jewells derersten oderzweiten Gruppe von Kanfien
Injewellszezldich abwechseinden ersten und zweiten BetiebSsmodi angepaGt
sind, um die transversale Verschiebung von zumin- 3o  dest elnem Tell der
beiden Seltenwande, die dem ausgewhhiten Kanal zugeordnet sind, im
geelgneten Sin zu verursachen, so dag ein Druckwechsel In dem ausgewihiten
Kanal bewirkt wird, um den AusetoB elnes Tropfens aus der damit in
Verbindung stehenden Dise zu bewirken wird. 47. Vorrchtung nach Anspruch
46, dadurch gekennzelchnet, daM die Dleon (6), die mit den Kanabin der -'
.       ereten Gruppe von Kanaben In Verbindung stehen, In bezug auf die
DWlsen (6), die mit den Kanalen der zweiten : 3.  Gruppe In Verbindung
stehen, um sine Strecke vesetzt sind, die dem Zeltabstand zwischen dem
ersten und dem zwel en Betrlebsmodus verglelchbar ist 48. Vnrihung nsch
elnem derAnsprildhe 46 oder47, dadurch gekennzeichnet, dal
aufeinanderfolbgende Kangre al wechseind in entgegengeseztenm Sinne entiang
elner Richtung senkrecht sowoht zu der Unge der Kanile ais much zu der
Richtung, In der die Kanaie beabstandet sind, versetzt sind. '.:- - 40  49.
Vorrichtung nach Anspruch 48, dadurch gekennzelchnet, dal die Kanale
IelnemKftegebldetsind und die Tole des Kirpers, die von elnem Kanal und
benachbarten Kanaien der glelchen Gruppe wie dlesem Kanal begrenztslnd,
angepaltsind, umsich unterEhnwiriung eines Druckweohsels in demrKanai zu
verbigen, um In den benachbarten ianalen Druckinderungen zu kompensleren,
die durch elastisch nachgieblge Defor- mation der Seltenwande entsbthen. 45
50. Vorcihtung nach Anspruch 1, mt elner oberen Wand (27), elner unteren
Wand (25), Seitenwanden (11), die 9Ich zwiAschen und normal zu der oberen
und der unteren Wand erstreckenum damit eine ViekzaMh von paratlelen
Kanalen (2) zu definleren deren jeweilige Langsachsen In elner Ebene
angeordnet sind, mit Jeweiligen DfMsen (6), die an entsprechenden Punkten
der Kanae zum Ausstogen von Fiflssigkoeitstr~pfhen von den Kanfien
vorgesehen sind, und mitjewellgen Verbindungsmittein (13) zum AnschIuB der
Kanhle an 5o  sine Flissigkeltsquelle, um die Wiederaufflllung dervon den
Kanalen ausgestol~enen Trfpfhen zu erlauben, dadurch gekennzelchnet, daB
zurnindest einige der Seltenwande Im wesentlichen ginzlich aus
plezo-eoktri- schen Material gebildetsind undJeweilige Wandtolle (29,31)
haben, die benachbartzu den oberen undunteren Wanden sind, wobel Eleltroden
(37, 39, 41, 43, 45), die an entgegengesetzten Oberfiachon von Jeder der
Wandtelle vorgesehen sind, sich paraliel zu den Kanalen und normal zu der
Ebene erstrecken, um sin elekri- GS  aches Fold normal zu der Oberlliche zu
ermOgilchen, um dadurch sIne Scher- bzw. Schubmodus-Auslenkung der
Wandtelle In jewells entgegengesetztem Sinn transversal zu den Kanalen und
irn aligemelnen parallel zu der Eben? zu oriauben, um dadurch
Tr8pfhhenausstol von den Kanrffien zu bewirken. 61. V prrihtung nach
Anspruch 50, dadurch gekennzoichnet, dall im wesentibhen jede Seitenwand
(11) 19 
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iaektroden angepaet sind, um In elnemn ersten Setriebernodus erregtzu
werden, um eine transversaie gegenseltige Auslenkung von
gegenfiberilegenden Seltenwanden derausgsewihiten Karinle elner -ersten
Reihe von Kanalen aufelnanderzu zu bewirken, um den Ausstog von TrfGrchen
aus den ausgewihitso Kandlen derersten Relhe von Kanglen zu verursachen,
wlhrend in elnem zwelten Betriebsmodus eine trans- 6   versale gegenseltige
Auslenkung von gugenfberilejonden Seltenwanden von ausgsewihiten Kanalen
elner zwelten Reihe von Klanilen aufeinanderzu verursacht wird, deren
jeweilige Kanile slch mit den Kanalen der ersten Reihe abwechseln, um einen
Trpfichenausstoll von den ausgewfhien Kanilen der zwelten Relhe zu
bewirken.. 52.Vonichtung nachAnspruch 61, dadurchgeinnzeichnet, daB
dieD~sen (6) derersten Reihevon Kana- J0  len ihreAchmen paraflel habon und
In einerersten Ebene angeordnethind, und die DNeon () derzwelten Relhe
paralle Achsen labon und In elner zweiten Ebene parallel zu und um elner
Strecke beabstandet von der ersten Ebene mind, um die Zeitdlfferenz Im
TrOpfchenausstol von der ersten und derzwelten Rdlhe von Kana- Ion des
koinpensferen, so daB abgeschledene Tropfen In elner vorbestmrnmten Welse
angeordnet werden. 53.Vohirchtung nachAnspruch t, In derdle parallelen
Kanffle(2) InelnerEbeneangeordnete Langsasoisen 16  und Jeweilis In elner
Ebene angeordnete Querschnitte, die stch senkrechtzu dieser Ebene
erstrecken und eine regelmilige Form halben, dadurch gekennzoebhnet,
daBljowellige Wande (63) aus piezo-elektrischem Material entsprechende
Selten der Klanle, die elch normal zu der Ebene der Kanalachsen erstrecken,
bilden und in der Ribt.ung parallel zu der Ebene gepolt sind, und
Elektroden (79, 81) an Jeder der Wande aus plezo-elek- trische$ Material
angeordnet sind, urn darin ln elektrtmsches Feld vomusehen, das normal zu
der Richtung der 20  Polung ist, um eine Auslenkung der Seitenwand aus
plezo-elektrischern Material transversal zu der Achee des Kanals, von dem
sle eine Seite bildet, zu bewirken, um TrdpfchenausstoB davon zu bewirken.
54. Vorrichtung nach Anspruch 53, dadurch gekennzeichnet, dmaR die Kanale
In aufelnanderfolgenden Paa- ren (77) angeordnet sind und zwischen den
Kanalen jedes Paars mine Wand (63) aus plezo-eletrischem Mate- rial
vorhanden st, die In der Richtung normal zu der Ebene der Kanalachsen
gepolt ist und mine gerneinsame 25  Seltenwand fOr das entsprechende Pear
von Kanalen ergibt, die slch normal zu der Ebene der Achsen der Kanile
erstrecit und daB die Elektroden (79, 81) in Beazehung zu jeder der Wande
sus piezo-elektrischem - Material angeordnet sind, um Irn ersten
Betriebsrnodus sine transversaie Auslenkung der Wand In elnen der Kandle,
von dem die Wand eh Tel Ist, und ehne transversale Auslenkung derWand in
elnern zwelten Betriebs- modus In den anderen der Kanile, von dern die Wand
ohen Tell bildet, zu bewirken. .30     55. Vorrichtung nach Anspruch 53,
dadurch gekennzelchnet, daB alle Seltenwande der Kanale, die sich nornmal
zu der Ebene erstrecken, zumindest teilwelse plezo-elektrisches Material
(97, 99) aurwelsen, das slch fiber die gesamte iange der Wand erstreckt und
In elner Richtung parallel zu der Ebene und transversal zu den Kanalachsen
gepolt ist, dalB di Eiektroden (99, 103, 105) an jederder Seitenwinde
angeordnet sind, urn si elektrisches Feld darin vorzusehen, das normal zu
der Richtung der Polung Jst, dali Mittel (109, 110) zur aw   Erregung der
Eiektroden vorgesehen aind, die In einem ersten Betrlebsmodus ene
transversale Ausienkung von gegenpberlegenden Seltenwanden von Kanalen
einer ersten Reihe von Kanaien bewirken, wobel sich die ausgieinklen
Seltenwinde der Kanale der Relhen von KanAlon gegenseilig aufelnander zu
bewegen, um Tropfchenausstoa von den Kanilen der ersten Reihe von Kandla zu
bewidken, deren gegenflberdigonde Sel- tenwande ausgelenikt wardon, und dae
In elnem zwelten Betriebamodus die trensversale Auslenkung von 4o
gegenibedlegenden Seltenwinden von Kanhlen elnerzwelten Relhe von Kanslen
bewirktwird, derenjewellige Kanale sich mit den Kanfien der ersten Reihe
abwechsein, wobel die ausgelenkten Seitenwande der zwelten Reihe von
Kanalensich gegenselitg aufenanderzu bewegen, urn Tropfchonausstol von den
Kanalen derzwel ten Relhe, deren Seltenwinde ausgelenkt worden, zu
bewirken. 56 Vorrichtung nech Anspruch 55, dadurch gekennzelchnet, dai, ale
Seltenwande, die sich normal zu der 45  Ebene eratcken, sin zentrales
InaktlIves Wandtel (95) und gufere Wandbile (97,99) aus plezo-elektrischem
Material, das Jeweils In parallelen Richtungen zu der Ebene und transversal
zu den Kanalachsen gepolt 1st, aufrwisen. 57. Vorrlchtung nach Anspruch 1,
dadurch gekennzelchnet, dali die parallelen Kanale durch parallels Sel-
tenwande (152, 153, 154, 155,156,157) sowle Paare von Streifen (158, 159)
aus piezo-elektrlschen Material a   gebidet sind, die sich fiber die Linge
der Seitenwinde erstrecken, wobel jedes Pear von Strelfen zwischen
auroinanderfolgenden der Seitenwfinde (152, 157) eingeffigt und beabstandet
Ist, um damit onen Kanal mit rechtwinildgemnQuerschnittzu bilden, wobei die
iangsachsen derVielzahl derso ausgebildeten Kandla In elner Ebene
angeordnet sind, dal jewellige DOsen (8) mit den Kanalen an Ihren
entsprechendon Endon In Verbin- dung stehen und jewellige Verblndungsmittel
(13, 14), um die Kanale mit elner Quelle fOr die Trapfbhenflfis- so
sigkeltzu verbinden, vorgesehen sind, wobei jeder der Strelfen Im glelchen
Sinne (160) und In elner Richtung parallel zu derEbene gepolt st, daB an
den Flichen derStreifen Eiektroden vorgesehen sind, die den Selten- winden
gegen0bedlegen, urn in Jedem der Streifen eln eiekbisches Feld In dessen
Polungsrichtung vorzuse- hen, und qefktrodenerregungsmittel vorgesehen
sind, die in elnern ersten Betriebsmodus sine Auslenkung von 



20    EP0278 690 B1 Streifen zumindest von einigen der Paare der Streifen
einer ersten Reihe von Kanfilen zu bewirken, um esne transversale Bewegung
in entgegengesetzten RiGhtungen zu den Seltenwinden zu verursachen, die mit
den ausgelenkten Strelfen im Eingritf sind und so den Tr6pfchanausetog von
den Kanalen der Seltenwande die so bewegtwerden, zu bewirken, und, um In
elnem zwelten Betriebsmodus dieAuslenkung derSthelfen von zumin- 5   dest
einigen Paaren von Streifon der zweiten Relhe von Kan8len, deren Kanfile
mit den Kanalen der ersten Reihe abwechseln, zu bewirken, um eine
transversale Bewegung in entgegengesetzten Richtungen der Sol- tenwAnde,
die mit den ausgelenicten Streifen Im Eingriff sind, zu bewirken, und auf
diese Weise ehen Trapf- chensumstoll von den Kanalen, deren Seltenwande so
bewegt werden, zu verursachen, und die Eiektrodenerregungsmittel In jedem
der Betriebszustinde angepaft sind, um eine Auslenkung Jeder Selten- .o
wand Jedes Kanals, von dim eln Tr8pfchen ausgestoien wird, um die glelche
Strecke und in die g9ebihe Rich- tung wie die Seitenwande zu bewirken, die
mit den Seitenwinden J3des Kanals, von dem sin TrOptohen ausgesto~en wird,
die Kanlie nichst zu und auf entgegengeseizen Selten der Kanaie bilden, von
denen ein Tropfchen usstoB erflgt. 68 vcfrichtung nach Anspruch 1, dadurch
gekennzelchnet, daB die parallelen Kanale durch bl-morphe Seol 16  tenwinde
172 bis 177) und Paare von Streifen (178, 179) aus Inaktiven Material
gebildet sind, wobel jedes der Paare wischen den aufeinanderfolgenden
Seitenwanden iiegt, um dadurch oenen Kanal mitrechtwinbidgern Schnitt zu
biden, dal die longitudinaien Acheen der Vieizahl der so gebldeten Kanile
in esner Ebene ange- ordnet sind, dali lede der'bi-morphen Winde zurnindest
sine Schicht aus piezo-elektrischem Material, die sich trans;46alzu und in
elner Rkchtung parallel zu der Ebene gepolterstrecktelne Elektrode
(180),jewellige Dusen 20  (6), die an entsprechenden Stellen mit den
Kanilen kommunizieren.und jeweilige Verbindungsmltteln (13, 14) zur
Virbindung der Kanaie mit elner Quelle for die Trdpfchenflflssigkelt
aufwelst, dail Elektrodenerregungs- mittel vorgesehen sind, die In elnem
ersten Betriebsmodus transversale Biege-Ausienkungen in Jewels nt-
gmgengesetzte Richtungen zumindest von einigen der gegenflberlegenden
Seltenwinde der Kanale ilner ersten Reohe von Kanalen zu verursachen, um
TrOpfchenenausstog von den Kanlien, deren Semtenwinde der- 25  art bewegt
werden, zu bewirkin, und die in elnem zwetten Betriebsmodus transversale
Blege-Auslenkungen In jewells geganfiberiiegende Richtungen von zumindest
einigen der gegentlberleganden Seitenwande von Kanaien einer zweiten Relhe
von Kanalen, deren Kanate slch mit den Kanilen der ersatn Reihe abwichsmin,
zu bewirken, um TrapfchonausetoB von den Kanfilen, deren Seltenwinde so
bewegt warden, zu verumachen. 59. Vorrichtung nach Anspruch 1, dadurch
gekennzelchnet, da3l die Kanale durch parallels biegbare Sil- 3o  tenwande
(192 bis 197) und beabstandete obere und untere planare Winden (190, 191),
mit denen die Sel- tenwinde :an ihren gegenlbedlegenden Enden Im Eingriff
sind, gebidet sind, daBv die oberen und unteren Wande durch jewellige
Schichten aus. plezo-eleimrischern Material vorgesehen sind, die in
entgegengesetzten Slnnen normal dazu gepoit ind, und durch Wandabschnitte
mit rechtwinidigem Dickenquerachnitt In der Rich- tung zwiAschen
Abschnitten, die der Seitenwanddicke und Kanalbrelte zwlschen
aufeinandernoigenden Selten- 3s  winden entsprechen, giblidet sind, dal,
die oberen und unteren Wande mit Ihren Segmenten in elnerLinbe mit
gegenlibsalegenden Enden der Seitenwinde und der Kanalen angeordnet sind,
dagjeweiiige Diisen mit den Kanfilen a~i ihrmn enteprechenden Enden
kommunizieren und jewellge Verbindungsmittei die Kanfile an dine Queile
ffir !rrpfchenflOssigket anschiiegen, dig Elektroden (198) jewells zwischen
angrenzenden und zuge wandten S|1ten derSegments sowio
Eektrodeneffegungamittel vorgesehin sind, die in einem ersten Betnmbe- 4o
zustand durch Scher- bzw. Schub-Mode-Auslmnkung von Segmenten der oberen
und unteren Winds sine Blegung in gegenseilig entgegengesetztsn Richtungen
von gegenibediegenden Seitenwinden von ausge- wihiten Kanilen in einer
erstn Relhe von Kanaflen venursachon, um TrapfchenausutoB von den Kanffien
der so gebogenen Selbtnwande zu bewirken, und In elnem zweiten
Betriebszustand durch Scher- bzw. Schub- Mode-Auslenkung der Segmente
deroberen und unteren Wande sine Blegung In gegenseltig entgegengesetz- 45
ten Richtungen der gegeniberliegenden Seitenwinde von ausgewahiten Kanaien
elner zwelten Relhe von Kanalen, deren Kanile mit den Kanilen dir eraten
Relhe abwechseln, zu verursachen, um Tr8pfchenausstog von den Kinalen,
deren Seltenwande derart gebogen warden, zu bewirken. 60. Vorrichtung nach
elnem der vorstehenden Ansprfche, dadurch gekennzelchnet, dafjede
auslenkbare Seltenwand zuerst in elnem Sinne ausgelenktlwid und zweltens In
elnem entgegengesetzten Sinne ausgelenklt so  wird, um den AusstoB sines
TrOpfchens aus dem zugeordneten Kanal zu verursachen. 61. Vorrichtung nach
einem der vorstehenden AnspriOche, dadurch gekennzeichnet, dalB die
parallelen Kanfile In der Grupplrungs-Richtung mit elner Dichte von zwei
oder mehr Kanilen pro Millimeter angeordnet sind. 62. Verfahren zur
Herstellung einer Vielikanal-Gruppierung gepulster
Tr8pfchenablagerungsvorfichtung, 55   geksnnzeichnot durch die foigenden
Schritte: (a) mine Basiswand wird mit elner Schicht aus piezo-iektrischem
Material gebildet, (b) eine Vleizahl von parallelen Grfiben wird In der
Basiswand gebildet, die aich durch die Schicht sus pie- 



zo-emijtrischem Material erstrecken, um Winde aus piezo-eiektrischem
Material zwischen aufeinanderfat. 21    genden Gribon zu orgeben, wobeT
Paare von gegenlbediegenden Winden, zwischen slbh langser- streockenden
iFlssilgkeitskanglen definiert werden, (c) Elektroden werden In Rbiation zu
den Wanden so vorgesehen, daln elektrisches Fold angelegt wer- den kann, um
elne Auslenkung der Seltenwands transversal zu den FkIssigkeitksaniden zu
verursachen, 6      (d) esin eseleIsche Akivierunguchaltung wird mit den
Eieroden vorbunden, (e) sine obere Wand wird an den Wanden aus dern
plezo-elekbischen Material befestigt, um die FIlIssig- koitakanile zu
schile~en, (f) DOsen und Mittel ft dbe Spetsung der FiRasigkeltskanale mit
Fl~ssigkelt werden vorgesehen. 63. Verfahren nach Anspruch 62,
gekennzelchnit durch die foigenden welteren Schritte: 10     (a) sine obere
Wand mit olner Schicht aus pieao-eiktdrischemr Material wkd gebildet, (b)
sine Vieizahl von paralieln Griben, die skoh durch die Schicht aus
piezo-eleitrischem Material restrecken, wird In der oboren Wand gebildet,
urn Wande aus plezo-eiekbischem Material zwisohen auf- *inannerfoigenden
Griben zu ergebon, (a) Eie n worden In Relation zu den Seitenwanden soa
ngoordnet, dafi oin iekrisches Fold angelegt 15     werdo kann, um oine
Auulenkung der Wando transversal zu den Filssigkeltskan Won zu verursachen,
und (d) diobere Wand wird befestigt, Indem die plezo-eektischen Winde der
oberen Wand an den plezo- sdektrchen Wanden der Basiswand angebracht
werden. 648"arfahren nach Anspruch 82, dadurch gekennzelohnet, daB der
Schritt zurAnordnung der Eoktroden dams Amchelden elner elekwrisch
leltenden Schicht auf Im wesentlloben allen Obertlichen dor Griben beinhal-
20  tet. 65. Veiahren nach elnem der Ansprfche 62 bis 64, dadurch
gekennzeichnet, dolt die Basiswand sin elek- trisch isolierondes Substrat
und sine Oberflichen-Schicht aus piezo-elektrischem Material aufwelst, und
daB der Schritt zur Bildung der Griben die Erstreckung zumindest
bestimrnter Griben Ober esne betrichtliche Strocke Indas Substrat umfalt 25
66. Verfahren nach Anspruch 65, dadurch gekennzeichnet, dall abwechseinde
Graben In das Substrat erstreckt bzw. vedingert werden. Rovendicatlons 30
1. Appareil de depbt de gouttelettes 6lectriquement-pul6ses A agencement de
canaux multiples, compre- nant des canaux (2) dispos6s cdtes-abts. et ayant
des parols laterales respecties (11) qul s'6tendent dans la direction
longitudinale des canaux et s6parent un canal du suivant, une s6re de buses
(6) qui communiquent respectivement avec lesdits canaux pour l'jeption de
gouttelettes de liquids a partirdes canaux, des moyens 85  do connosdon
(13,14) pour reller los canaux a une source de liquids pour d6p~t de
gouttoelttes, et des moyens 1ectriquement actionnabios (15,17. 19, 21, 23,
37, 39, 41, 43, 45, 16) placs par rapport auxdits canaux de maniere A
fngndror, lors de la s6lection d'un quelconque des dits canaux, un
d6placement transversal d'une partie cund parol laterale de siparation do
canal (11) dudit canal cholSl, caracteris6 on ce quo lee canaux dudit
agencement sont paralbles et lesdites buses sont disposbes a l'ospacement
des canaux, et lesdits moyens 4o  6iectriquement actonnables sont prnvus
pour engendrer ledit d6placernent transversal sur une partle subs- tanteslo
au moins, de la dift parol Iatdrale do separation de canal duditcanal
cholsi, afin de provoquorun chan- gement de pression dans ce canal et
d'effectuer ainsl une 6jection de gouttelette a partirde ce canal. 2.
Apparel sulvant ia rovendicatlon 1, caracbris6 an ce quo edit moyens
6iectriquement actionnables compronant une, matere pidzclectrique
constituant une partle au moins d'une parol (15,17, 19, 21, 23) adja- 45
cents A I'un desdits canaux, et des moyens formant electrode (37, 39.
41,43, 4) pour appliquer un champ a la matire pldzoelectique. 3. Apparel
suivant la revendication 1, caractris6 en co quo lesdits moyens
electriquement actionnables comprenent uns matibre piezoelectrique
constituent au moins ladite partie de chaquo parol laterale de canal
(15,17,19,21, 23), et des moyens formant electrode (37,39,41, 43,4S) pour
appllquer un champ a la rntibre 5o  pilzoelectrique. 4. Apparel sulvant ia
revendication 3, caracteulse on co quo ladito matiere piizo6lectrique eat
d6piagable sus l'actlon du champ appIIqu6 en mode transversal au de
cisallementr 5. Apparel sulvant l'une queloonque des revendloations
procidentes, caractdr[si on ce quo sensiblement chaque parol lateralo (15,
17,19,21, 23) eat commune a deux canaux adjacents (2). 65      8. Apparel
sulvant la revendkoatbon 5, caractrise en ce quo la d6tormabllt6 des parois
lat6rales est telle quo la grandeurdes variations de pression se produisant
dans des canaux voisins comme r6sultat de la defor- mabllitb des parolb
latirales lors de la commando d'un canal choisl reprisento une proportion
notable de Ia grandeur de la variation de presslon dans le canal cholsi. 22



EP 0 278 590 B1 7. Apparel suivant l'une quelconque des revendicatlons
prec6dentes, caracteris6 en co que chacun des mayens 6iectriquement
actionnables sort lore de la commando selective d'un canal quelconque, a
effectuer un deplacement transversal d'au molns une partie des deux parole
latreies du canal, Iune vets 1'autre. 8. Appareil sulvant la revendication
7, caracterise on cs quo lesdits moyens 61ectriquement actionnables 5
compronnent une matUre plezo61ectrique constituant au molns une partie de
chaque parol lat6raie de canal, et des 6lectrodes communes (37, 39, 41, 43,
45) sont pr6vues, une pour Qhaque canal, afin d'appliquer un champ a Is
matiere pi6zo61ectrique de la parol latirale. 9. Apparell suivant la
revendication 8, caract6rise on ce quo chaque dito 6lectrode commune
comprend uno couche d'6lectrode recouvrant sensiblement toutes les surfaces
Int6rieures du canal correspondant. 10 10. Apparel suivant la revendication
4, caracterise en ce quo ladite matiere pi6zoelectriquo est disposee dans
deux reglons (29, 31) coextensives dane la direction longitudinale du canal
et mutuellement espacees perpendiculairement a la dite direction
d'agencementou de successlon des canaux, la direction de polarisailon par
rapport au champ ilectrique appllqu6 dans chaque region 6tant tile quo la
dite partle de parot (17, 19, 21, 23) subit ano d6fommatlon sensiblement en
fonne de chevron. q is      11. Appareil sulvant la revendlcation 10,
caracterise en cs que lesdites r6glons sont sensiblement contl- guis. 12. A
sulvant la revendication 10, caracterie en ce quo lesdites reglons sont
connect6es par l'lnter- m6dialre unepartle de parol Inactive. -
13'.Apparell sulvant l'une quelconque des revendications prec6dentes,
caracterise en ce quo la longueur 20  de chique canal eat au moins trentb
fois plus grande quo la dimension moyenne du canal dans la direction de
succession des canaux. 14. Apparell sulvant la revendication 13,
caract6ris6 en co que la longuour de chaque canal est au moins environ
centfols plus grande que la dimension moyenne du canal dana la direction de
succession des canaux 15. Apparell suivant l'une quelconque des
revendIcations precedentes, caract6ris6 en ca quo, dans la sea- 25  tion
transversale desdits canaux, r6tendue des dites parols laterales
transversalement d6pla~ables dans ia direction 'perpondlculaire a ladite
direction de succession des canaux set sensiblement plus grande que la
dimension moyenne desdits canaux dans ladite direction de succession des
canawu. 16. Appareli sulvant la revendication 15, caracterise en ca que
ladite etendue desdites parole latirales transversalement deplacables est
de 3 a 30 fols plus grande quo ladie dimension des canaux. 90      17.
Apparell sulvant la revendicatlon 5, caract6ris6 en ce que, dans la section
transversale des dites parols latmrales, I'etendue desdites parole
lat6rales dane la direction perpendiculaire A ladite direction de
succession des canaux estsonsiblement plus grande que la dimenson
mayennedesdits parols lateralesdans ladite direo- tion de succession des
canaux. 18. Apparel sulvant la revendlcatlon 17, caracterie6 en ca que
ladito etendue des parols laterales est de 35  3 a 30 fIis plus grande quo
laditb dimension des parols laterales. 19. Apparel sulvant la revendication
17, caract6rise an ca quo chaque parol laterale (31, 33) presente une
configuraion teile quo son deplacement moyen dans la direction de
succession des canaux, en reponse a une diff6renc de pression entre lee
canaux adjacdnts A la parol latirale, est diminu6 comparativementia celul
d'une parol iatqraie cylindrique rectengulaire de meme dimension moyenne
dane la direction de succession des 40 canaux. I 20. Apparell sulvantla
revendication 19, caract*rsis en ca quo la dimension de chaque parol
laterale dane la direction de succession des canaux diminue on direction du
milieu de la hauteur de la section traneversalo du canal, 21.Appareil
sulvantia revendication 19, caracterise en as que lesdites parole laterales
(11) sont sinueuses 45  dens un plan contenant a la febt les longueurs des
canaux et ladits direction de succession des canaux. 22. Apparel sulvant la
revendication 17, caract6rls6 en ae que chaque parol laterale (15, 17, 19,
21, 23, 31, 33) comporte des moyens de r6duction de son d6placement moyen
dane la direction de $uccesslon des canawu, en rhponse A une difference de
presulon entre les canaux adjacents a la parol laterale, comparative- ment
a une paro! ltiratle cylinddque rectangulalre de meme dimension moyenne
dane la direction de succes- so  slon des canaux. 23. Apparell suivant la
revendication 22, caractrbi6 en ce que lesdits moyens comprennent une
couche de surface, pr6vue sur la matiere pihzo6lectrique, en une matlire
plus rigide quo la matibre ptezoelectrique de maniere A reduire la
d6ftamabilit6 de la matibre pl6zo6ioctrque en flexion sous l'effet de la
presslon dans le canal, sans affecter sensibiement la dbformabillt6 de la
matere pl6zoelectriquo on cisailiement. a5      24. Apparell sulvant la
rovendication 23, caract6rls6 en ce quo ladits couche de surface comprend
une matibre Isolante appliquee our les dites 6lectrodes. 25. Apparell
suivant la revendication 23, caramct&ds en co que lesdites blectrodes ant
une epaisseur plus grande q1we cello qul est requise pour leur
fonctionnement 6lectrique. 



23    EP 0 278 590 B1 26. A1iparell sulvant l'une queloonque des
revendicatlons pricidentes, carecterie6 on co quo lesdites parole latirales
de canal s'etendent entre des parols supbrieure et Infirleure (27,25)
communes a l'ensembbb des canaux. 27. Appareli sulvant la revendlcation 26,
caracterise en ce quo lesdites parols latirales sont rigidememit c
rellies auxdites parols superieure et infeirlure de manlere A empecher un
mouvement de rotation de sectlons des parole latirales par rapport aux
parole superieure et Infirleure. 28. Apparel sulvantla revendication 26 ou
la revendication 27, caracterise en ce quo lesdits moyens Meo,. Iriquement
actionnables comprennent une matlire plezoelectrique s'etendant
sensiblement de ia parol supe. rieure A la parol infirdeure sur ladite
partle de ladite paroi laterele de separation de canal. 10     29. Apparell
sulvant la revendicatlon 28, carcterlse on ce quo lesdites parole
superieure et Inferieure sod constitueos d'une matlere 6loctriquement
Isolanto. .30. Apparell sulvant lune quelconque des revendlcatlions 26 a
29, caractdrlse on ce quo chaque canal (2Z comporte un prolongement de
canal en communication (251-258) menage dans I'une ou rautre des paroi
supirleure at Infirleure (27, 25) ou dans les deux. fS     31. Apareil
sulvant la revendication 30, caract&rlel en ce quo sonsiblement tous lee
prolongements de canal sontkformes dane la mime parol parml lee parois
superieure ot inferioure. 32. Appareil sulvant la revendicatlon 30,
caracterise en co quo les prolongemente de canal de canaux suo- cessifesont
fmnls alternativement dune lee parole supidoure et Infereure. 3*! Apparel
sulvant l'une quelconque des revendicatbons preodentes, caracteriel on ce
quo leadites 20  buses communiquent sensiblement directement avec les
canaux respectife. 34. Apparell sulvant l'une quelconque des revendlioelons
precedentes, caracteriseen ce quo chaque canal contlent, aiun etatde repos,
un volume de liquids Vet, pourchaque canal, I eat prnvu des moyens de
connexton pourfalre comumuniquer le canal avec la buse respective, levolume
de liqulde Internodefini par chacun desdits moyens de connexion etant
Inferieur a 0,1 V. 26.    35. Apparell suivant la revendication 33,
caracterise en ce que ladite partse de parol latkaWle transversale- ment
dbplgable s'end A partir de l'endrolt, dans chaque canal, auquel le canal
communique avc la buse correspondeant (6). 36. Apparell sulvant la
revendication 1, caractbrsis on ce quo lesdits canaux sont agences en
paires, les deux canaux (2, 77) de chaque pair. btant affectis
respectivement A un premier et un deuxilme groupes de 3o  dMe canaux et
ayant une parol laterale longitudinal. (15, 19,63) qui divise les canaux de
Ia pair., et des moyens electriquement actionnables (15, 19, 23, 37, 39,41,
43, 46, 16) prevus pour altemer A des Instants respecti entre un premier et
un deuxibme modes de fonctionnement, lors de la selection dcun canal
quelconque re$- pectivement du premier ou du deuxieme groupe de canaux, de
maniere a effectuer un diplacment transversal dans le ssns approprie d'au
mohns uno partle de la paroi laterale qul divise la pairo de canaux
comprenant le 3s  canal choisi, afin d'engendrer un changement de pression
dans le canal cholsi pour effectuer une ejection de goutteoette A la buse
communiquant avea co dember, lee buses (6) qul communIquent avec les canaux
du pro- mier groufe de canaux etant ddcalies, dans la directon de mouvement
relatif de iadite surface sur laqueib lee gouttelettes dolvent etre
deposies, par rapport aux buses qui communiquent avec les canaux d'un
douxleme groupe de canaux, d'une quantiti correspondent A l'lntervaile de
temps entre lesdbte premier et 40  deuxieme modes de *onctionnement. 37.
Apparell sulvant la revendlcation 36, caractirlse on ce quo chaque canal
d'une pairs de canaux eat sipari du canal adjacent de la pair. sulvante par
une parol longitudinal. fixe (17, 21, 61). 38 Apparell sulvant la
revendication 36, caracterise on ce quo chaque canal d'une pairs de canaux
eat separe au; canal adjacent de la pairs suivantb par une parol laterale
longitudinale diplagable (17, 21), les 4S  moyens 6lactrlquement
actionnables etant privus, lors de la selection d'un canal, pour effectuer
un deplace- ment transversal des parole laterales opposees du canal cholsi,
mutuellement l'une vers l'autre. 39. Apparel sulvant la revendlcatfon 36,
caracterise en ce que chaque canal communique avec un pro- longement de
canal respectif (251-258) falsant saillle transverealement A partir du
canal et difinissant un volume non dilimitr par la paroi laterale
correspondente. .50     40. Apparell sulvant la revendicatlon 38,
caracterise en ce que chaque canal communique avec un pro- longement de
canal respectif (251-258), lee prolongements de canaux (251, 253, 257) du
premier groups et des prolongements de canaux (252, 254, 258, 258) du
deuxieme groupe de canaux falsant salile dans des directions respectives
opposees. 41. Apparel sulvant la revendlcatfon 40, caractirls6 en ce quo
les prolongements de canaux de chaque U5  groupe de canaux font salilMe A
travers un substrat commun, et des parties (148) du substrat definles entre
les prolongements de canaux adjacents de chaque group. de canaux sont
diplagables pour effectuer un transfert de presslon entre tesdits
prolongements de canaux adjacents. 



42. Appareil sulvant la revendlcatfon 40, caracterlse en co que lee
prolongements de canaux assoclies A 24    EP 0 278 590 B1 chaque groupo de
canaux s'tendent dans un substrat commun et defintssent des parties de
substrat on porte- -faux (148) s trouvant entre des prolongements de canaux
adjacents du groups. 43. Apparell sulvant la revendication 42, caract6rise
en co quo les deux parttes de substrat d6llmitant le prolongementde canal
d'un canal quolconque sontpr6vues pourfl6chlrsous l'action d'un
changementdo pres- 5   slon dane ledit canal, afin de compenser, dans les
canauxvolsins dudit canal dans lo groupe, lea changements de presslon
r6sultant de la d6formation de la parol laterale d6formable. 44. Apparel
suivant l'une quelconque des revendicatlons 39 A 43, caracterlse en ce quo
le volume de cha- quo prolongement de canal (251-258) est plus grand quo le
volume du canal correspondant. 46. Apparel suivant rune quelconque des
revendlcations 39 & 43, caract6rte6 on ce quo chaque prolon- io  gement de
canal (251-258) presente une surface de d6limitation qul est sensiblement
dane le meme plan qu'une suflfce de parol laterale longitudinale du canal
correspondant. 46. Apparel sulvant la revendicatlon 1, caracterlis en co
quo leas canaux successlfs (2) desdits canaux paralliles sontaffectis
alternativement A un premlerotdeuxieme groupes dedits canaux, lesdits
canaux paral- -eles ayant des parol laterales longitudinales (15, 17, 19,
21, 23) servant chacune A separer un canal du sui- 'X is vant, et dqs
moyens ilectriquement actionnables (15, 17, 19, 21, 23, 37, 39,41, 43, 45,
16) sont prevus et permetter , dane un premier et un deuxieme modes de
fonctlonnement aitemant A des momenta respectlfa, lors de la Bs6etleon d'un
canal quelconque du premier ou du douxieme groupo de canaux respectivement,
d'effectuel un diplacement transversal dans le sons appropri6 d'au moins
une partle des deux parols lat6rales assoeiss au canal cholsi, afin
d'engendrer un changement de presslon dans le canal cholil pour effectuer
20  rejectBn d'une gouttelette A la buse en communication avec co canal. -
47. Apparell sulvant la revendication 46, caractersis en ce quo les buses
(6) en communication avec lea canaux du premier groups de canaux sont
decalees par rapport aux buses (6) en communcation avec lea canaux du
deuxTeme groupe, d'une quantlt6 correspondant A l'Tntervalle de tamps entre
lesdits premier et deuxieme modes de fonctionnement. 25     48.Apparel
sulvantla revendicatlon4Bou la revendlcation 47, caractirieen oce quo lea
canauxsuccesslfs sont d6cal6s altbmativement dane des sons opposes le long
d'une direction perpendiculaire A la fois A la Ion- gueur des!canaux et A
Is direction dans laquelle les canaux sont espacis. 49. Apparel sulvant la
revendlcatlon 48, caracterise en ce quo lea canaux sont fommes dane un
corps et les parties du corps dilimities par un canal quelconque et les
canaux voisins appartenant au memo groupe 3o quo ledit canal sont privus
pour flechir sous I'actlon d'un changement de presslon dana ledit canal,
afin de cornpenser, dana lesdits canaux volsins, les changements de
presslon resultant d'une deformation 6iastique des parols laterales. 50.
Apparel sulvant la revendicatfon 1, comprenant une parol superieure (27),
une paroi inferioure (25), des parobs latirales (11) s'etendant entre lea
dites parole superieure et infeireure et perpendiculairement A cei- 35
les-cl pour definir avec dles une multiplicite de canaux paralleles (2)
dont los axes longitudinaux respectifs sont disposes dans un plan, des
buses respectives (6) privues A des points correspondants des dits canaux
pour rejecion do gouttelettes de liquido A partirdes dits canaux, et des
moyens de connection respectifs (13) pour Mlle, lesdits canaux A une source
de liqufde amn de permettre le remplacement des gouttelettes ejectees
desdits EI aux, caract&rWsi on ce qu'au moins cortaines desdites parole
laterales sont constituees sensible- 40   nent  arment d'une matiere
piezo6lectrique et comportent des parties de parol respectives (29, 31)
adja- centes aukdlts parole superieure et Infirleure, des electrodes (37,
39, 41, 43, 45) otant disposees sur des surfaces oppos6es de chacune
desdltes parties de paroT a'tendant paralilement auxdits canaux et perpen-
dlculairementaudtplan pour ongendrerun champ ilectrique perpendlcualre
auxdkes surfaces afin de produire une d6flexion en mode de cisailiement
desdites parties de paroi dans des sons opposes respectift transver- 45
salement aux canaux et sensiblement parallilement audit plan, de manilre A
effectuer une eJecton de gout- telettes. A partir desdits canaux. 51.
Apparel sulvant la revendication 50, caracterise en ce quo sensiblement
chaque parn laterule (11) ost ddplagable etloedites electrodes sont prevues
pour etre excdteosdans un premier mode defonctionnement de manifre A
effectuer un depiacement transversal des parole laterales opposees de
canaux cholsis d'une pro- 6o  mibre sire de canaux, mutuellement lune vers
l'autre, afln de provoquer une ejection de gouttelette A partir desdbts
canaux cholsis de ladite premlere serie de canaux, tandis que, dane un
deuxibme mode de fonction- nement, on effectue un deplacement transversal
des parols laterales opposees de canaux cholsis d'uno deuxlbme esrie de
canawc, mutuellement l'une versi rautre, les canaux respectfls de la
deuxilme serle altemant avec les canaux de ladite premlbre serie, aftn de
provoquer une ejection de gouttelette a partir desdits canaux 55  cholsis
de adit deuxibme serie. 52. Apparel sulvant la revendication 51,
caracterlse en ce quo les buses (6) de ladite premlere serie de 



canaux ont leurs axes paralbleos et disposes dans un premier plan, ot les
buses (8) de ladito deuxleme sbrie ont leurs axes paralibles et disposis
dans un deuxibme plan parallible audit premier plan et espace de celui-cl
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L  N  s  * d'une valour qui compense la diff6rence de temps dans I'6jection
de gouftelettes A partir de la dite prenmt et do ladite deuxlme sa6res de
canaux de sorte quo les gouttelettes deposees sont disposaes,d'une manlm
prid6terrin6e. 53. Apparell sulvant la revendication 1, et dans lIquel
lesdits canaux paralltles (2) ont des axes long~w 5   dinaux dispoe6s dans
un plan et des sections transversales respectives perpendiculaires audit
plan et de form rfgullbre, caractris  n nce que les parols respectives (63)
on maffere piewo6lectrique forment des cot6s cones- pondants desdits canaux
e'dtendant perpendiculairement audit plan desdits axes de canaux et sont
polarls.es dens la direction parallele audit plan, et des 6lectrodes (79,
81) sont disposees sur chacune desdites parnh en matiere piezo6lectrique
pourengendrerdans celles-cl un champ electrique perpendiculalre a ladite
directm i1  de polarisation. afin de provoquer une deflexion de ladite
parol en matlhre pldzo6lectuque transversalementi Iraxe du canal dont oile
constitue un cote, pour effectuer une ejection de gauttelette de ce canal.
54.Appaeil suivantla revendicatlon 53, caractersis on co quo lesdits canaux
sontagencs on palres am- cossives (77) et, entre les canaux de chaque
pairs. est prevue une parol (63) en matire plezoeiectrique qe est polarisee
dens la direction perpendiculalre au plan des axes des canaux et qul
constitue une parol latorale f6  commune Jela pairs correspondante de
canaux qui siteond perpendiculalrement au plan des axes des canaur, ot
lesdites electrodes (79, 81) sont disposees, par rapport a chacune desdites
parols en matiere plizoileco quo, de faon a engendrer une rellexion
transversale de ladite paroi vers l'interieur dun des canaux dont l parol
falt l arle, dans un premier mode de fonctionnement, et uno diflexion
transversaile de ladite parol veon rinterifur d lI'autre des canaux dont
ladite parol falt partie, dans un deuxileme mode de fonctionnement. 20
55. Apparell suivant la revendication 53, caracterise en ca quo toutes les
parole laterales desdits crnaur qul sont perpendiculaires audit plan sont
au moins partiellement constituees en matiere piezoelectrique (97, 99)
s'etendant sur toute la longueur de paroi et polarisie dens une direction
parallele audit plan et transve- salement auxdits axes de canaux, lesdites
ilectrodes (95, 103,105) sont disposees sur chacune desdites parois
latirales pour engendrer dens cellos-cl un champ electrique perpendiculaire
a ladite direction de pole. 25  risation, et-des moyens (109, 110)
dcexcitation desdites electrodes sont prevus et, dens un premier mode de
fonctlonnement lis engendrentune d6flexion transversele des parols
laterales opposees de canaux d'une pro mllre sirie de canaux, les parols
laterales flechles desdits canaux de laditb serle de canaux so depligact
mutuellement rune vera Iautre afln de provoquer une 6jection de
gouttelettes a partir desdits canaux de ladie premiere serle de canaux dont
lee parls latirales opposees sonttlichies et, dens un deuxieme mode de
fono. so  tionnement, Us engendrentune detlexin transversale de parois
latmralesopposees de canauxd'une deuxlnu serie de canaux dont lea canaux
respectifs altement avec lee canaux de ladite premiere serie, les parois
la- miss fiechies de ladite deuxieme seie do canaux so diplagant
mutuellement l'une vers l'autre, afin de prow- quer une ejection de
gouttelettes a partir desdits canaux de ladite douxieme seie dont lee
parols laterses saot flechles. ss      56. Appareil sulvant ia
revendication 55, caractnisi on ce quo toutes lesdites parols latirales qul
sont per- pendbaulaires audit plan comprennent une partie de parol centrals
Inactive (95) et des parties de parol exSi. rioures (GW, 99) on rnatiere
piizo.iectrique respectivement polarbees dens des directions paralleles
audit plan et transve  Iement auxdts axes de canaux. 57. A^Iwparol sulvernt
la revendlcatlon 1, caractrlsi en ce quo leedits canaux paralleles sont
dMinis par 4@  des              paraillles (152, 153, 154,155,158, 157)
etdes palres de bandes (158, 159) on mattis plezoeiectdque stendant sur la
longueur desdites parole latirales, chaque pair. de bandes etant interposde
entre des parole latirales successives (152-157) et les bandes d'une pair
etant mutudllement espacies pour definlr avoc les paros latbrales un canal
de section transversal. rectangulalre, lee axes longitudlnaux de ladte
multiplickii de canaux alnsl formrs etant disposes dens un plan, des buses
respectives (6) en communication 45  avec lesdits canaux A leus extrimits
confespondantes, et des moyens de connexion respectis; (13, 14) pour reller
lesdits canaux a une source de liquide pour dipot de gouttelettes, chacune
desdites bandes etant pobl- risie dens le meme sens (100) etdans une
direction paralile audit plan, des electrodes 6tant privues suribs faces
desdites bandes qui sont opposees aux ditbs parols laterales pour engendrer
dens chacune desdites bandes un champ 6lectrique dens ea direction de
polarlsation, et des moyens d'excitation d'electrode qui so  engendrent,
dens un premiermode deobncotonnement, un diplacementdes bandes d'au moins
certalnes des- dites paires de bandes d'une premiere serle de canaux afin
d'effectuer un mouvement transversal dens des directionsopposies des parole
latkrales encontactavecles bandes dbplacees otde produire ainsi uneijection
de gouttelettes a partir des canaux delimites par lea pareis laterales
ainai diplacies, et, dens un deuxleme mode de fonctionnernent, un
diplacement des bandes d au moins certalnes des dites palres de bandes
d'une 



Bs   deuxiemeserie de canaux dont les canaux altement avec les canaux de la
promilre seie, afin d'effectuer un mouvement transversal dens des
directions opposies des parole latbrales on contact avec les bandes depla-
cies et de produlre ainsi une 6jection de gouttelettes a parfir des canaux
dont les parols latdrales sont ainsl dbplacies, les moyens d'excitation
d61lectrode etant privus, dans chacun desdits modes de fonc0onnement, 26
C   L  r  _ poureffectuerun dbplacement de chacune des parols lat6rales de
chaque canal a partirduquel une gouttelette eat ejectee, de la meme
quantft6 et dane la mime direction quie pour les parole lat6rales
d6flnissant, avec les parole lat6rales de chaque canal a partir duquel une
gouttelotte eat ejectee, les canaux adjacents et de part et d'autre dudit
canal a partir duquel l'ejection de gouttelette eat effectu6e. 5      S&
Apparell sulvant Ia rovendlcation 1, caractbrais en ce quo lesdits canaux
parallibles sent d6finis par des parole lat6rales blmorphes (172. 177) et
des paires de bandes (178, 179) on matiere Inactive, chacune de ces palres
etant Interpos6e entre des parols laterales successives pour definir avec
celles-cl un canal de sec- tion rectangulaire, les axes longitudinaux de
ladito multlpllctit de canaux ainsi fonnes etant disposas dans un plan, et
chacune desdites parols bimorphes comprenant au moins une couche de matlere
plezoilectrique 10 s'etendant transversalement audit plan et polarlsee dana
une direction paralible audit plan et comportant une 6lectrode (180), des
buses respectives (6) on communication A des endrolts correspondants avec
ledilts canaux, etdes moyens de connexion respectife (13,14)
pourrellerlesdlts canauxa une source de liquid. pour d6pitdegouttelettes,
etI eat privu des moyens d'excitation d'electrodequl engendrent, dane un
premlermode de fonctlonnement, un d6placement transversal en flexion dans
des sens opposes respectifa d'au moins car- 15  tahes des parole lat6rales
oppos6es de canaux d'une premiere s6ie de canaux afin de provoquer une
6jection de gouttel3ttes, a partir des canaux dont les parois laterales
sont alnsi d6plac6es, et qul engendrent, dans un deuxibm mode do
fonctionnement, un deplacement transversal en flexion dana des sons opposes
respoctlb d'au moln4 certalnes des parolslaterales opposees de canauxd'une
douxibme s6rie de canauxdont les canaux albment bvec les canaux de la
premlire s6rie, afin de provoquer une ejection de gouttelettes A partir des
2o canaux ddnt lea parole lat6rales sont alnsl d6plac6es. 59. Apparel!
sulvant la revendlcation 1, caractirisi en ce quo lesdits canaux sont
form6s par des parols lat6rales paralleles flexibles (192-197) et des
parnls planes superieure et Infereure espacees (190, 191) avec lesquelles
lesdites parols laterales sont en contact A leurs extn6mitis oppos6es,
lesdites parole superieure et infeileurepcomportant des couches respectives
de matiere plizodlectnlique polarls6es dans des sons opposes 25
perpendiculalrement aux parols et formres par des segments de parol de
section transversale rectangulalre dont les epaleseurs dans la direction
entre segments correspond a 1'6palsseur de parol lat6rale et A la largeur
de canal entre desdites parols laterales successives, lesdites parols
superieure et inferieure et ant dispos6es avec leurs dits segments en ligne
avec les extr6mitis oppeeses deadites parole latirales et des dits canaux,
des buses respectives en communication avoc lesdits canaux a leurs
extremit6s correspondantes, et des 3o moyens de connexion respectifs pour
roller lesdits canaux A une source de liquids de d6p8t de gouttelettes, des
6lectrodes (198) prevues respectivement entre des cbtes adjacents et en
regard desdits serpents, et des moyens d'excdtatTon d'61ectrode qul
engendrent, dans un premier mode de fonctionnement par deflexion en mode de
clsallement de segments deidltes parole superieure et inf6rieure, une
flexion dane des directions mutuellement opposees des parole laterales
oppos6es de canaux chobis dans une premlire sarie de canaux C asfln
d'effoctuer une 6Jection de gouttelettes A partir des canaux dont lea
parols lat6rales sont alnsl flichles, et qul engendrent, dans un deuxieme
mode de fonctionnement par diflexion en mode de clsalllement de seg- ments
deaditos parole superieure et Infirieure, une flexion dans des directions
mutuellement opposies des parols lat rales opposees de canaux cholels d'une
douxieme srie de canaux dont les canaux altement avec les canau t de ladile
premiere soie, afin d'effectuer une ijection de gouttelettes A partir des
canaux dont les 4o parols lat erals sont alnal fl6chles. 60. Aparel sulvant
l'une quelconque des revondlcatlons pricidentes, caractris6 en ce quo
chaque parol lat6rale dapiscable eat d'abord diplacie dans un premier sons
et ensulte diplac6e dans un sens oppos6 pour effectuer '4jection d'une
gouttelette a partir du canal associe. 61. Apparel sulvant luno quelconque
des revendlcations pnicedentes, caracterise en ce quo les dils 45 canaux
pqrallleis sont disposis, dane la direction de succession des canaux, A une
denstit de deux canaux ou plus par milimitre;. 62. M6thode de fabrication
d'un apparell de d6pit de gouttelettes puls6es a agencement de canaux mul-
tiples, caractirls6e par les op6ratfons de (a) preparaton d'une parod de
base comportant une couche de matibre pl6zo6lectrique, 6o     (b) fornation
d'une multipliciti de ralnures paralleles, dans ladite parol de base, qul
s'itendent A travers laditeocouche de matibre plezo6lectrique, de manibre A
lalsser des parols de matlere pl6zo6lectrique entre des ralnures
successives, lea palres de parole oppos6es difinissant entre olles des
canaux de liquid. allon- g6s, 



(c) positlonnement d'electrodes, par rapport auxdites parole, de sorte
qu'un champ electrique pout itre 55      appllqu6 pour effectuer le
d6placement desdits parole traneversalement auxdlts canaux de liquId., (d)
raccorderment d'un circuit de commande 6lectrlque auxdltes ilectrodes, (e)
fixation d'une paroi supeineure auxdites parols en dite matiere
pifzoilectilque pour former les dits canaux de liqulde, 27    EP 0 278 590
B1             .       CI 1111  1L11111 111 11111 1111 (f) Installation de
buses at de moyens d'amen6e de liquide pour lesdits canaux de liquide. 683
M6thode sulvant la revendlcation 62, caractefis6e en outre par les
op6rations de: (a) preparation d'une parot sup6rieure comportant une couche
de matiere pitoilectrique, (b) formation d'une multiplilcit6 de ralnures
paralleles dens la parol sup6rieure, qui s'etendent a travers c      ladite
couche de matlbre plezolectrique de maniere a lalsser des parole de matffre
plezo6leatrlque entre lee rainures sucoessives, (c) positionnement
d'6lectrodes, par rapport auxdites parole, de sorte qu'un champ electrique
pout Mtrs appllqu6 pour effectuer le d6plaoement desditbs parole
transversailement auxdites canaux de liquide, at (d) fixation de la parol
sup6rieure par fixaton des parole piezoelectilques de ladite parol
sup6rleure aux 10      parole pizomlectrilques do la parol de base. 64.
Mbthode sulvant la revendication 62, caracterls6 en as quo l'op6ratbon de
posltlonnomentd'6lectrodes comprendle d6p6t d'une couche electriquement
conductrice sensiblement surtoutes les surfaces desdites mi- nuros. 65.
M6thode sulvant 'une quelconque des rovendlcatlons 62 a 64, caracter6se en
ce quo la parol de base 15  comprend-un substratdlectrquement isolantetune
couche de surface en matlire piezoeleatrique, etl'op6raton de formatln de
rainureoscomprend l'extenslon d'au moains certalnes desdites ralnures a une
distance subs- tantlellemqnt daqs leditesubstrat 88..  thode suivant la
revendicatbon 65, caract6ris6e en ce quo des ralnures altem6es sont
prolongees dans itlit ubtrat. 20 25 30 46 50 55 28    


